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1 .0 EXECUT IVE SUMMARY
This document is a Feas ib i l i ty Study (FS ) report for the Johns-Manv i l l eDisposa l Area, in Waukegan, I l l inois . This report presents a step-wise
identif ication and evaluation of potential ly feasible alternat ives for
remedial action according to the requirements of The National Oil and
Hazardous Substances Contingency Plan ( NCR ) . This report providesManv i l l e Sales Corporat ion and USEPA with the information required to
select the most appropriate, cost effective and environmenta l ly saferemedial action alternative for the prevention of further contaminat ionand mit igation of exist ing contamination at the Johns-Manv i l l e Di sposa lArea.
1.1 SITE PROBLEMS AND REMEDIAL RESPONSE OBJECTIVES

Remedial Investigation ( R i ) studies have shown that Johns-Manv i l l e Disposa l Area contains lead and asbes tos-conta in ing
waste mater ia l s/so i l . Based on monitor ing data col lected dur ing
and after the RI, there is no evidence of off-s ite migrat ion ofany contaminant from the disposal area. Also , no apparentrelease of contaminants to surface water and/or ground water hasbeen observed. Analysis of groundwater and Lake Mich i gan watersamples showed s imi lar asbestos fiber concentrat ions. These
observed concentrations are s imi lar to those reported in thel iterature for tap water and commercial beverages. No asbestosfibers, greater than 5 microns in length, were detected ingroundwater. The groundwater at the site appears to be ofDrink ing Water quality. On-s ite and off-site air qual ity doesnot appear to be signif icantly impacted or degraded by therelease of suspended particulate matter or lead. Some of the on-s ite air samples contained asbestos fibers at levels somewhathigher than those observed at the off-site locat ions .
Site access is restricted and there are no res ident ial dwe l l i ngsand dr ink ing groundwater suppl ies with in 0.5 mi le rad ius of the
s ite. Some of the asbestos and lead conta in ing waste mater i a l sare exposed at the site and potential of direct contact with thewaste by workers and/or wi ld l ife ex i s t s . In add i t ion asbes tosand lead are subject to airborne dispersal e ither by rout ineemiss ions ( e . g . , fugitive dust ) or through waste d i sposa lact iv i t ies . Potential for release of lead to groundwater and/orsurface water is low.
Therefore the primary object ive of a remedial response is topreclude or d im in i s h the potential for on-s i t e a i rborne asbes tosem i s s ions and direct contact with waste ma t e r i a l s/ so i l
con t a i n i n g lead .

1 .2 IDENTIF ICATION AND SCREENING OF TECHNOLOGIES
Techno log ies that are feas ib le in immob i l i z ing or
de s t roy i ng/s tab i l i z i n g asbes tos and lead in the waste
mater i a l s/so i l on th i s s ite were eva luated . Chemica l
de tox i f i c a t i o n , b io log ica l treatment, land treatment and

1-1



i n c inerat ion technolog ies were cons idered non-feas i b l e becauseof the relatively inert and non-combust ib le character i s t i cs ofthe waste mater ia ls/soi l at this s i te . Technologies involved indifferent general remedial response actions (soi l covering,capping, on-site treatment/stabi l izat ion, on-s1te landfi l l ingand off-site landfi l l ing) were evaluated for their technicalperformance, comparative costs , implementabllity, risk offailure, reliability and potential environmental and publichealth impacts. This evaluation indicated that a remedialresponse involv ing on-s ite treatment/stabi l izat ion is the leastdes irab le from a technology viewpoint because the technologyinvolved is not proven to achieve the objectives, involves highr i sks , has adverse environmental and public health impacts and
is not likely to be acceptable to the neighboring community.

1 .3 IDENTIFICATION AND SCREENING OF REMEDIAL ACTION ALTERNATIVES
Seven remedial action alternat ives were ident if ied. These wereno act ion, grading and seeding, soil covering with vegetat ion ,
soil covering without vegetat ion, capping, on-site landfi l l ing,and off-site landfill ing. Each alternative was evaluated on thebasis of its environmental and public health Impacts and capital
and operation and maintenance costs.
Although the publ ic health and environmental benefits of soi lcovering with vegetat ion, soil covering without vegetat ion andcapping are more or less simi lar, their present worth costs are
$4 ,086 ,090 ; $4 , 134 ,040 and $7 ,590 , 140 respectively. Thereforeout of these three alternat ives , only the least cost a l ternat iveof soi l covering with vegetat ion was used for detai led ana lys i s .

1 .4 REMEDIAL ACTION ALTERNATIVES AND ANALYSIS
Four alternat ives were devised for mi t i ga t i ng potential adverse
impacts of the contaminated mater ia l s/so i l at th is s i te . Afifth no act ion alternat ive was added to fulfil l NCPrequirements. In addit ion, two var iat ions of soil cover ing withvegetat ion alternat ive were eva luated . These a l t ernat ives are
summarized as fol lows:

Alternat ive I: No Act ion
Invo lves l eav ing the waste mater ia l s/so i l on the d i s po s a l
area in the ir current state , but inc ludes mon i t o r i ng ofgroundwater and surface water .
Alt e r na t i v e I I : Grad i n g and Seeding
Invo lves grad ing of waste ma t e r i a l s/ so i l , add i ng top
so i l , fer t i l i z i ng and seeding.



Alternat ive III: Soi l Cover i ng with Vegeta t ion
Involves grading of waste materials/soi l ard laying aminimum of 18" compacted clean soi l and top soi l cover ,ferti l izing and seeding. The two variat ions of this
alternative differ only in the use of greater cover soilthickness. One involves a minimum of 24" thick cover andthe other 30" thick cover.
Alternat ive IV; Off-Site Landfi l l ing
Involves excavat ion, removal, transportat ion and d i sposa l
of waste materials/soi l in approved off-s ite landf i l l s .
Alternative V; On-SUe Landfill ing
Involves excavation, removal, transportation and d i sposa lof waste mater ia l s/soi l in an on-site landf i l l designedand constructed specifical ly for the disposal of thewaste mater ia l s/so i l .

These alternatives were evaluated for technical feas ib i l i ty,inst itutional requirements, publ ic health and environmentalimpacts, capital and operation and maintenance costs . Thisanalysis indicated that under the no action alternativepotential threat of human and wildlife exposure to lead and on-
site airborne asbestos fibers wil l remain and therefore wil l notbe acceptable to public, local, State and Federal governmentalagencies.
Grading and seeding alternative is expected to d im i n i s h thepotential for on-site airborne asbestos emiss ions and directcontact with the waste materia ls . However, this a l ternat ivedoes not meet the NESHAP requirements and may not adequatelyfulfill remedial response objectives and the requirements ofCERCLA. In the short-term, adverse impacts on publ i c hea l th andenvironment may occur due to construct ion generated no i s e , dustand airborne asbestos fibers.
Soil cover ing with vegetation alternat ive or its var ia t ion isexpected to eliminate the potential for on-site a i rborneasbestos emiss ions and direct contact with the wastemater ia l s . This alternative meets NESHAP and CERCLA
requirements. It also provides some protect ion to groundwaterfrom potential contamination by Teachab l e lead. Its short-termadverse impacts are s imi lar to that of grading and s e ed i ng
a l ternat ive . Soi l cover ing with vegetation a l ternat ive invo lve sreduced commitment of energy, money and natural resources asopposed to on-site or off-site landfill ing alternatives. Thetwo var iat ions of the soil covering with vegetat ion a l t e rna t i vealthough have publ ic health and environment impacts s im i l a r tothat of the primary a l ternat ive but require increased commitmentof energy, monetary and other resources.
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In the long-term, on-s i te or off-s i ts landf i l l ing a l t e rna t i veprovides adequate protection to groundwater from thecontaminants in the waste mater ia l s . However, the r i sk togroundwater from the waste mater ia l s/soi l at the site isconsidered low and such protection is not a primary object ive ofa remedial response for the site. These two alternatives involverelatively longer construction period. In the short-term, bothalternat ives involve greater adverse impacts on human health and
environment due to handling of large quantities of wastes. Inaddi t ion , the off-site landfil l ing alternative involves use ofscarce commercial landfi l l capacity and transportat ion of wasteon public roads over long distances. The on-s ite landfi l l ingalternat ive, however, involves irrevers ib le use of land
currently access ible to wildl ife.On-s i te and off-sit€ landfil l ing alternatives involve large
commitments of energy, money and other resources and have muchhigher capital and 0 & M costs as compared to other
a l ternat ives .

1 .5 RECOMMENDED ALTERNATIVE
Soil covering with vegetation alternative with a total soilcover thickness of 18" Involves "-eadily avai lable and proventechnologies to control the source of contaminants . It invo lves
smal ler commitment of energy, money and other resources than itstwo variat ions involving greater cover toil thickness and can be
implemented by the end of 1988. It is est imated to benef i t thelandscape and wi ld l i fe around the disposal area and is l ike ly to
be acceptable to ne ighbor ing community. This a l ternat ive doesnot depend on the ava i lab i l i ty of off-s ite landfi l l capacity.The short-term adverse impacts OP public health and environmentdue to construction act iv it ies are min imal . These adverseimpacts are expected to be further min imized through l im i t i ng ofaccess, wett ing of act ive construction area prior to grad ing and
waste hand l ing , monitoring workers for exposure to airborne
asbestos and using appropriate protective health and safety
equipment. This a l ternat ive has relat ively low capi ta l and 0 SM costs .
Therefore, soil covering with vegetat ion a l ternat ive i nvo lv i ng a
soil cover thickness of 18" is recommended for remedial act ionat Johns-Manv i l l e Disposa l Area. In add i t ion , prov i s i on s of theSuperfund Amendments and Reauthorization Act (SARA) of 1986have been cons idered and a mon i tor ing program for the so i lcover, to be mutually agreed upon by USEPA and Man v i l l e , wi l l be
developed to atta in the new c leanup standards con ta i n ed in
Sect ion 121 of SARA.
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2.0 INTRODUCTION
2.1 SITE BACKGROUND INFORMATION

2 . 1 . 1 SITE LOCATION AND DESCRIPT ION
The Manvi l l e Sales Corporat ion , formerly Johns-Manvi l l eSales Corporat ion operates a manufacturing waste d isposa larea adjacent to its manufacturing plant at Uaukegan,
I l l inois . The disposal area covers approximately 120acres out of the 300 +. acres owned by Manv i l l e . The site
is located on the shore lines of Lake Mich igan in the
northeast corner of Waukegan City l imits (Figures 2-1and 2-2) . The Waukegan plant site is bounded by LakeMich igan on the east. Il l inois Beach State Park on thenorth, an old city dump site on the west, and a fossilfuel electrical power generating stat ion on the south.
The site consists of sol id waste disposal areas and a
closed loop process water treatment system. There arecurrently three active solid waste disposal areas on thesoutheast area of the site shown in Figure 2-3. Theseare labelled as asbestos disposal pit, miscellaneousdisposal pit and sludge disposal pit. The closed loopwater treatment system consists of three separate processwater discharges into a series of unl ined settl ing bas ins(57 acres) with the water returning to the plant via theindustrial canal and pumping lagoon along the north side.

2 . 1 . 2 SITE HISTORY
Almost all of the sol id wastes and process wastewatergenerated from the manufacturing facility have beentreated/disposed on site since 1922. The site isreported to have received asbestos and asphalt containingwastes . These wastes are primarily cutt ings and wasteproducts from the manufacturing of asbestos-cement pipeand residues contain ing roofing and insu lat ing
mater ia ls . The asbestos in these waste mater ia ls is inthe encapsulated or bound form. This site has receivedfriable and non-friable asbestos wastes s ince 1922. Theuse of asbestos subst itutes and changes in product l ineshave now el iminated the use of asbestos fiber from the
manufactur ing processes as well as from the manufactur ing
wastes disposed of at this site. No asbestos is used nowin any of the manufactur ing processes at the Waukegan
Plant . The site has also received small quant it ies of
waste mater ia l s conta in ing trace amounts of chromicox ide , lead, thiram and xylene.
Lead was used in the form of lead oxide to produce
sheeting materials and is no longer used in themanufactur ing process . Thiram, chromic ox ide and xylene
were used in the past in trace quantit ies dur ing
manufactur ing.
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The waste mater ia l s , generated from the manufactur ing
processes have been treated/disposed on s i te . Asubstantial portion of these wastes has been used to form
dikes of the process water treatment bas in s and wastepi les shown in Figure 2-3. The remaining waste mater ia l shave been deposited, compacted and covered to form the
mounded areas around the currently used waste d isposa lpits on the south side of the disposal area. Theasbestos disposal pit now'receives l imited quant i t i e s offriable asbestos waste from the c lean ing/decontaminat ion
act iv i t ies at the Waukegan plant and is managed in
accordance with the requirements of Nat iona l Em i s s i onStandards for Hazardous Air Pollutants (NESHAP) . The
miscellaneous disposal pit receives loose and baled scrapproducts.
The process water which does not contain any hazardousmaterial is treated by sett l ing and f i l trat ion and is
recycled. There is no direct discharge of process waterto any surface water. The settled inorganic sludge,predominantly lime sludge, from the sett l ing bas ins isdredged periodical ly and deposited in sludge disposalpit. Some of the dredged sludge has been used in thepast as cover material for the deposited waste pi les .
There has been no incidence of explosion or groundwatercontamination at this s ite. There has been a smolder ingfire on the disposal area caused by hot glass waste fromthe refractory insulat ion manufacturing process . Thisresulted in some smoldering of wastes and was put out byManv i l l e ' s waste disposal crew.
Air quality in the vicinity of the site is generallygood. Airborne asbestos monitoring was conducted at thefacility in 1973 and 1982. The potential suspens ion ofasbestos fiber from the degraded waste mater ia l s appearedto be the major concern. This s ite was Inc luded in the
National Prior i t ies List ing in 1982 and a Remed ia l Act ionWaster Plan was prepared in 1983 which recommendedcarrying out of remedial investigation and 'easibi l itystudy. Manvl l le contested the bas is for th's l i s t ing .
Nevertheless it has entered into a consent agreement withUSEPA to conduct a remedial invest igat ion and f ea s i b i l i t ystjdy for the site. Remedial inves t igat ion ( R I ) has been
completed and final RI report was approved by USEPA inNovember, 1985.
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2 . 1 . 3 PHYSIOGRAPHY
At the Johns-Manvi l le s ite, the local physiographic unitis the Lake Border Morainic System. The general
topography surrounding the Johns-Manvi l le s i te islevel. The process buildings are on natural ground. Thehighest part of the disposal area is about 40 feet abovenatural ground. The surface topography of the waste areais irregular. In general, peripheral portions of thesite slope away from the center of the s ite. In thevicinity of the wet basins, drainage is to the bas in s .Part of the south portion of the site slopes into closed
depress ions, such as the asbestos disposal pit, themiscel laneous disposal pit and the sludge disposal pit.The southwestern portion of the disposal area slopesgenerally to the west. The southeastern portion of thedisposal area slopes generally to the east , towards LakeMichigan .

2 . 1 . 4 GEOLOGY
The Johns-Manvil le facility is situated on an area ofunconsolidated glacial drift. Glacial drift at the siteranges from 75 feet to 100 feet in th ickness .Significant areas on and around the site are "man made"land. These areas consist primarily of sandy fill overlacustrine sands of Glacial Lake Chicago. The lacustrinesands at the site range from 5 feet to 39 feet inthickness. These sands overl ie the clayey Wadsworth Ti l lMember of the Lake Border Moraine System.
The till deposits range in thickness from 50 feet to 75feet. The Wadsworth Til l Member cons i sts of s i lt-clay-sand matrices of low permeabil ity. A thin sand andgravel deposit underl ies the till. This layer rangesfrom 15 to 30 feet in thickness and is underlain in turnby the bedrock.
The uppermost bedrock cons ists of Si lur ian-age Dolomi teof the Niagaran-Alexandrian Dolomite. The formation iss i lty at the base and may locally be cherty. The
dolomite has a thickness of up to 300 feet and dips tothe east .
A success ion of sha les , dolomites and sandstones completethe s t rat igraph i c co lumn above the PreCambr ian-ageGran i t e . Three of these strata are s ign i f i cant water
producing zones . They are the Glenwood-St Peter
Sands tone , the I ronton-Galesv i l l e Sandstone, and the Mt
Simon Sandstone .
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2 . 1 . 5 HYDROLOGY
The Johns-Manvi l le site is located on the Lake Mich iganshore. The lakefront area is subject to storm waves anderosion periodically. Drainage at the Johns-Manvi l l esite is primarily collected either in catch basins at thepaved areas or in the Met waste basin system andrecycled. From the southeast slopes of the site, theremay be surface runoff to Lake Michigan.
Water supplies for the City of Uaukegan are drawn fromLake Michigan from a location about one mile southeast ofthe site. After use. this water is returned to LakeMichigan in the form of treated effluent.

2 . 1 . 6 6EOHYDROLOGY
Groundwater resources are avai lab le everywhere in LakeCounty. The five major water-yielding units are: theglacial drift aquifers within the lacustrine sands, theshal low dolomite aquifer (S i lur ian ) , the Glenwood-StPeter Sandstone, the Ironton-Galesvil le Sandstone, andthe Mt. Simon Sandstone. The two aquifers closest to thesurface, the glacial drift and shallow dolomite aquifers,form the shallow system and are replenished or rechargedby local rainfall. The remaining three deep sandstoneaquifers are recharged by precipitation seeping downwardthrough the overlying rocks on a regional scale.
Only those wells with records that could be confirmed bycross check ing the locations with other sources are shown
on Figure 2-4. All wel ls in the vic in ity of the site arein the Sillurian-age Dolomite or Mt. Simmon Sandstoneaquifer and vary in depth from 95 feet to 1620 feet.Some of these wells are used for industrial water. All
users in the vic in ity of the s ite are served by citywater supply system.
A highly permeable surficial sand layer acts as anunconfined water table aquifer at this site. The lowerboundary of this aquifer is a clay layer. Its totalsaturated thickness ranged from 22 to 37 feet across thes ite from west to east. The water table was encounteredat 1 to 3 feet below the land surface .
The general groundwater movement at the Johns-Manvi l l e
s i te is lateral and upward towards Lake Mi ch i g an .

2 . 1 . 7 ECOLOGY
No wi ld l ife habitat exists on the adjoining south andwest s ides of the s ite. Wi l d l i f e habitat does ex i s t tothe north of the site with in a distance of 500 feet from
the Manvi l l e property l ine fence and over 2000 feet north
of the active waste d i sposa l p its . Wi l d l i f e may include
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deer, squ irre l , ruffled grouse, r ing neck pheasant ,
cottontai l rabbit and small rodents. In add i t i o n , theindustrial canal on the north s ide of the s i te and LakeMichigan on the east side does attract wi ld ducks andmigratory birds.
Lake Mich igan on the east s ide of the s ite and coo l i ngwater ponds of Commonwealth Edison Company on thesoutheast side of the s ite are recreat ional f i s h i ngbodies of water.
No adverse impacts of Manv i l l e waste d isposa l act iv i t i e shave been reported on the vegetation, birds and w i l d l i f e1n the vicinity of the site.

2 . 1 . 8 . SOCIOECONOMICS
The Johns-Manv i l l e d isposal area is located in theindustrial belt along the eastern edge of the City ofWaukegan . There is no residential dwel l ing with in 1.0 km
radius of the s ite. There are approximate ly 200 homeswith in 1.0 mile radius of the western edge of the s i te .
Wi th i n 1.0 mile radius of the site the number of persons
estimated to be present during the day-shift is 4 , 7 5 0 andnight-shift is 2 ,225 . Approximately 20 percent of theseare area residents and 80 percent industrial andcommercial workers.
Most of the res ident ia l homes are located northwest of
the s ite and are inhab i ted by moderate income fam i l : e s .The res ident ia l property values as well as renter
occupancy and rental values in the v ic in i ty of the s i tehave been keeping pace with inflat ion and values in otherresidential areas of the city. There has been no
documented adverse impact on the tour i sm and recreat iona lactivity in the vic in ity of the s i te or in Lake County.

2 . 1 . 9 COMMUNITY PERCEPTION
The public interest and involvement in this site have
been min ima l . The City of Waukegan, the Lake CountyHeal th Department and County Environmental Orga n i z a t i o n
(Lake County Defenders) have expressed in teres t in tt-es ite . The expressed concern has been the potent ia l ofa irborne asbestos in the immediate v i c i n i t y of the s i t e .
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2 . 1 . 1 0 PLANNED USE OF SITE
The City of Waukegan Master Plan indicates an open
corridor along the lakefront that includes this s ite .The City ' s long range goal is to use the s ite for publ icrecreation. Manvi l le however, plans to continue itspresent use.

2.2 NATURE AND EXTENT OF PROBLEM
2 .2 . 1 WASTE CHARACTERISTICS AND QUANTITIES

There are basically three types of wastes present at thiss ite. These are the process water, the manufacturingwaste materials, and the wet and dried sludge collectedin process water sett l ing bas ins . Each is descr ibedbelow:
Process Uater
About 4.4 mgd of relatively alkal ine process watercontain ing lime precipitates is treated at this site andrecycled through the plant. In the past the processwater flow has been as much as 10 .0 mgd. The processwater does not appear to contain any hazardoussubstance. Approximately half of the 120-acre disposalsite is occupied by process water sett l ing and f i l trat ionbasins (see Figure 2-3) .
Manufacturing Waste Mater ia l s
These are waste cuttings and ashes from the manufacturingof roofing mater ia l s , pipes, insu lat ing and mi sce l l aneousproducts. These wastes comprise the majority of theremain ing 120-acres disposal area inc lud ing the d i ke s of
the process water treatment bas ins . Some of these wastematerials contain encapsulated asbestos, lead oxide,chrome oxide and trace quant it ies of coal tarderivatives. None of these ingredients appear to bereadily releasable to the environment. However, asbestos
fibers could be released during crushing and level ing ofsome of these mater i a l s . Many of the pi les of wastemater ia ls are covered with c lean soil and sludge removed
from the process water sett l ing bas i n s . There are about
2,000,000 _+ cubic yards of manufactur ing waste mater ia l s
depos i ted on th is s i te and about 20 cubic yards are be i ng
deposited now in the m i s c e l l aneou s d i sposa l pit (Figure2-3 ) on a typical work ing week-day.
In addit ion limited quantit ies of waste materialscon ta i n i ng fr iab le asbestos from thecleaning/decontamination activit ies at the plant are
depos i t ed in the asbestos d i sposa l p i t (F igure 2 - 3 ) .These are bagged, label led and covered with clean so i l .
There are about 2 5 , 0 0 0 _+ cubic yards of such waste
mate r i a l s depos i ted on th i s s i te .



Process Water Sludge
This 1s the sludge removed from the process water
settling basins and deposited in the sludge disposal pit
and on pi les of manufacturing waste mater ia l s . There areabout 175.000 ± cubic yards of sludge deposited at thissi-te and about SOT of this is deposited in the sludgedisposal pit and about 50,000 _+ cubic yards is est imatedremaining in the sett l ing basiTTs. The remain ing 3 7 , 5 0 0 _+
cubic yards of sludge is deposited on pi les of ~"manufacturing wastes. About 800 to 1 ,000 cubic yards ofsludge is being deposited in the sludge disposal pit
annually. The sludge is predominantly non-biodegradablelime sludge. Some of it contains chrome, lead andasbestos, but none of these contaminants were observed tobe readily releasable to the environment. When thesludge dries out, there is a potential of re lease of
asbestos to the atmosphere. Asbestos dust/f iber couldalso be released during excavat ion and hand l ing of thedried sludge. However, the bound nature of the asbestosin the sludge reduces potential asbestos fiber releases
from the dry sludge.

2.2 .2 PRESENT CONDITION OF DEPOSITED WASTE MATERIALS
The top surface of the manufacturing waste mater ia lsdeposited at this s ite are covered by combinat ions ofprocess water sludge, clean soil and road gravel . Themajority of the sloped surfaces of the banks of wastematerials are not covered with clean fill except those onthe south and east edges of the disposal area. Thedeposited waste sheeting mater ia ls and asbestos-cement
pipe pieces are exposed at majority of the dike s lopes .Sett l ing basins have varying depths of sludge and processwater. There is a s ign if i cant amount of shrubbery andvegetation growth on the surface and s ide s lopes of thedeposited waste pi les .

2 . 2 . 3 SOIL CONDITION
Surface, near-surface and sub-surface soil samp l i ng s i tesevaluated during remedial invest igation are shown inFigure 2-3. Bulk asbestos content observed was below thel imit of quantif icat ion ( less than 1 .0 percent ) . Thiram
was not detected. Chromium levels were low, mostly lessthan 30 mg/kg. However, lead levels were relat ivelyhigh. Some values between 1 ,000 and 4 ,700 mg/kg were
found in areas (of Soil Boring I 1 , 2 , 3 , 4 & 6) where so l i dwastes have been disposed. These levels of lead wereencountered at varying depths and no def in i te layer ing
pattern was observed. Lead levels in the off-s i te soilsamples were very low, mostly less than 20 mg/kg.
Organ ic contaminant levels were re lat ive ly very low.
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2 . 2 . 4 GROUNDWATER AND SURFACE WATER CONDIT ION
The location of groundwater and surface water monitor ing
is shown in Figure 2-5 .
The soil and well boring data indicated that underneaththe deposited wastes is an unconfined water table
aquifer, 22 to 37 feet thick, from west to east of thesite. This aquifer lies over a clay layer which isreported to be over 50 feet thick and dips from west toeast into Lake Michigan. The observed hydraulic
conductivity of the sands in this aquifer ranged from
46.6 ft/day to 73.4 ft/day and the groundwater at thesite ultimately moves eastward to Lake Mich igan . Seepagefrom the treatment bas ins is normal (about 1/4 inch perday) and is not estimated to migrate in the northerly
direction away from the service water recycling bas ins .
Traces of lead, barium, copper, arsenic, boron, iron,manganese and zinc were detected in some of the wellsamples. All these compounds as well as chlorides andsulfates were present in levels below the dr i nk i ng waterstandards. No organic contaminants were observed.Analysis by electron microscopy identified presence ofasbestos in the range of 6 to 12 mi l l i on fibers perl iter in the well water samples and 5.5 to 19 mi l l ionfibers per liter in the Lake Michigan water samples .Asbestos fibers greater than 5 microns in length were notdetected in the groundwater samples, and the highestobserved value from all the surface water samples was 1.2mi l l i on fibers per l iter.

2 . 2 . 5 A IR QUALITY
On-s i te and off-s ite locations were used for air samp l i ngfor asbestos fiber counts, lead and total suspended
particulates (TSP ) . The nearest off-s i te location was inthe res ident ia l area c losest to the s i te , approx imate ly1 .0 mi l e from the s i te .
Samples for asbestos monitor ing were analyzed bytransmiss ion electron microscopy. The major ity of fiberconcentrat ions were c lose to the detection l im i t ,
although some on-s i t e values were h igher than off-s i te
va lues . In terms of fibers longer than 5 micrometers ,
all concentrat ions were at or very c lose to the detect ionl im i t (0 .003 f ibers/cub ic cen t imeter ) .
All on-s i te observed values for lead were less than 0 .08
ug/m^. These are s ign i f i cant ly lower than those ( 0 . 2 to
0.3 ug/nr) observed by Div i s i o n of Air Pol lu t ion Contro l ,
I l l i no i s ERA in the res ident ia l and commercial areas ofLake and Cook Coun t i e s . The h ighest observed va lue of
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0 . 1 0 7 ug/m3 of lead was at an off-s i te l o ca t i on . Th i s
value is one order of magnitude smal ler than the Nat i ona lAmbient Air Qual i ty Standard (NAAQS) of 1.5 ug/m3

The observed TSP values ranged between 7.2 ug/m3 and
104 .0 ug/m3 . All TSP values were less than 24-hour
maximum values of 260 ug/m3 (Primary NAAQS). and 150ug/m3 (Secondary NAAQS) .

2 .2 .6 RISK ASSESSMENT
Site access is restricted and there are no res ident ia l
dwel l ings and groundwater drink ing suppl ies within 0.5mile radius of the site.
The site has some soil contaminated with relatively highlevels of lead. However, due to the alkal ine nature ofthe wastes disposed at the site, the lead does not appearto be readily releasable to the environment. Totalsuspended particulates and lead levels in the on-s i teambient air are relatively low, and therefore potentialof human and animal exposure to lead through fugitivedust appears to be low.
Airborne asbestos fiber concentrations on-site, forfibers of all lengths, are somewhat higher than off-s ite. However, all concentrations for fibers longer than5 microns are at or near the detection limit (0 .003f ibers/cc). Manvi l l e Sales Corporation employees workingon and around the waste disposal area, persons usingrecreational facil it ies near the disposal area, and
wildl ife harboring in the vicinity of the site could beexposed to very low levels of airborne asbestos fibers.
The observed levels of asbestos fiber ( 5 . 5 to 19 mi l l ionfibers per l i ter) in the surface water and groundwater inthe v ic in i ty of the disposal area are s im i l ar to thosereported in the literature for tap water and commercialbeverages. Futhermore, asbestos fibers greater than 5microns in length were not detected in groundwater and
the observed values in the surface water were in therange of 0.2 to 1.2 mil l ion fibers per liter. Thesevalues are well below EPA ' s recently proposed RMCL forasbestos in dr ink ing water. No carc inogen ic or othereffects have been demonstrated to result from in jest ionof asbestos fibers in food or water suppl ies , and there
are no known effects of ambient asbestos f ibers on non-
human spec i e s . The probable exposure to asbes tos f ibersof human and non-human population is low. It is unl ikely
that the asbestos from this s i te would threaten the useof Lake Mich igan by area res idents for recreation andother purposes.
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The groundwater at the s i te appears to be of d r i n k i n g
water quality in spite of many years of waste d i sposa lactivities at the site. The groundwater appears to move
ult imately towards east to Lake Mich igan .
Based on monitoring data collected during and after the
RI, there is no evidence that the contaminants aremigrating from the site.
The off-site migrat ion potential of contaminants from the
Site is low. The site does not appear to threaten theex ist ing or future uses of Lake Mich igan water,
groundwater, air, and other environmental resources irthe vicinity of the site.
Therefore, the exposure potential and intended rislk tohuman health and environmental resources in the vicinity
of the site is considered low.

2 .2 .7 SITE CONTROL ACTIONS AND THEIR BENEFITS
The friable asbestos wastes are covered with 6" clean
soil cover within 24 hours of dumping. Other so l idwastes are graded and compacted at least once per week.Benned disposal pits are used to minimize wind blowingpaper and other light mater ia l s . Cyclone fencing is used
to control public access . Dust from the unpaved roads issuppressed by sprinkling water at least once per week
during the summer months. Some of the waste mater ia l sdeposited at this site have been covered with c l ean soi l
and seeded. The combined benefits of these act iv i t ies
are bel ieved to be the low levels of on-s i te a irbornecontaminants and the apparent absence of off-s i tecontaminant migration.

2.3 PURPOSE AND OBJECTIVES OF REMEDIAL ACTION
The National Oil and Hazardous Substances Cont i ngencyPlan (40 CFR 300) requires a step-wise ident if icat ion andevaluation of potentially feasible a l ternat ives forremedial action at Superfund s i tes . The purpose of th is
feasibil ity study is to perform these analyses, therebyprovid ing Manvi l l e and USEPA with the informationrequired to select the most appropr iate , cost-effect ive ,and environmentally safe method ( s ) for the prevent ion offurther contaminat ion and mi t igat ion of e x i s t i n g
contamination at this site.
No in i t ia l remedial measures are warranted as there areno apparent releases of contaminants which pose anyimmediate threat to human hea l th , welfare or env ironment
in the v ic in i ty of this s i te .
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No release of contaminants Into the environment isobserved from the waste disposal area except l imi ted
amounts of asbestos f ibers into the ambient a i r . Further,these releases have been very low and l imited based onthe data col lected dur ing the RI.
Based on monitoring data col lected during and after theRI, there is no evidence of off-site migrat ion of anycontaminant from the waste disposal area. Also, noapparent release of contaminants to surface water and/orgroundwater has been observed. Therefore, the primaryobjective of the remedial action is to secure the on-s i tewaste materials to el iminate or min imize direct contactand airborne dispersion pathways.

2 .3 . 1 ENVIRONMENTAL CRITERIA FOR REMEDIAL ACTION
In considerat ion of the potential exposure pathways atth is s ite a number of s ite specif ic assumptions andenvironmental criteria have been selected. These are asfollows:

Since the majority of the 2.2 mi l l ion cubic yardsof waste materials deposited are heterogeneous innature, it is assumed that all waste mater ia l s andresidues on the disposal area contain varyinglevels of asbestos and lead and wil l needsecuring. It is further assumed that release of
asbestos to the air can occur during grading andremoval of the waste materials .
24" cover of compacted clean soil withoutvegetation or 6" cover with vegetation iscons idered adequate to meet the object ive of
min imiz ing direct contact and airborne d i spers ionpathways (40 CFR 6 1 . 1 53 ) , espec ia l ly s incevirtually all the waste mater ia l s are inencapsulated or bound form Freeze-thaw effectscan result in the upward movement of asbestos-conta in ing objects . A min imum of 18" cover withvegetation wi l l be cons idered adequate (seeupfreez ing cover th i ckness analys is reportpresented in Appendix C) to meet the ob ject ive ofm i n im i z i n g direct contact and a irborne d i spe r s i onpathways because of the freeze-thaw effects. In
add i t ion , prov i s ions of SARA have been cons ideredand a mon i tor i ng program for the soi l cover to be
mutually agreed upon by USEPA and Manvi l l e , willbe developed to attain the new cleanup standardsconta ined in Sect ion 121 of SARA.
Any off-site soil conta in ing less than *40 mg/kg
of lead and less than It bulk asbestos wi l l be
cons idered non-pol luted .
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( * Apri l 1977 USEPA Dredged Spoi l D i s po s a l
Criter ia Clas s i f i ca t ion Gu ide l i n e s For
Great Lake Harbors)

EPA ' s recently proposed (Federal Regis ter November
13, 1985) RMCL for asbestos in Drinki-ng Water of7.1 mi l l ion fibers per l iter (for medium and longfibers i .e . greater than 10 microns in lengthChrysoti le asbestos fibers) is selected for non-contaminated water.
Surficial contaminated soil above the water table
represents a secondary source of groundwatercontamination. Lead contained in these soi ls doesnot pose a s ignif icant threat to groundwater
resources because of its re lat ive immobi l i ty under
ex ist ing alkal ine condit ions and the bound natureof lead in the waste mater ia ls .
Sub-surface soil below the water table is notperceived to be a contaminat ion source based on
the RI sampling and its removal below the watertable will not aid in accompl i sh ing the object ives
of this feas ib i l i ty study.
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3.0 REMEDIAL ACTION ALTERNATIVE IDENTIF ICATION
3.1 SITE PROBLEMS AND GENERAL RESPONSE ACTIONS

Detai led s ite invest igations have shown that some of themanufacturing wastes disposed on the waste disposal area containasbestos and lead. However, these contaminants appear to bebound to other inert manufacturing ingredients in such a waythat these are not being released to the groundwater. On-s i teand off-site air quality does not appear to be s ign if i cant lyimpacted or degraded by the release of suspended participatematter or lead. Some of the on-s i te air samples conta inedasbestos fibers at levels somewhat higher than those observed atthe off-site locations.
Some of the asbestos and lead conta in ing waste mater ia ls are
exposed at the site and potential of direct contact with thewaste by people and/or wi ld l i fe ex i s t s . In addit ion asbestos
and lead are subject to airborne d ispersa l either by routine
emiss ions ( i . e . , fugitive dust) or through waste d isposalact ivit ies . However, there has been no apparent release ofcontaminants to surface water or groundwater.
Therefore the primary purpose of a remedial action program is topreclude or d imin i sh the potential for on-s ite airborne asbestos
emiss ions and direct contact wi th waste mater ia l s/so i lconta in ing lead . A range of potent ia l a l ternat ive remedialresponse act ions to secure the waste mater ia l s depos ited on thes i te and to e l iminate or d im in i sh future exposure pathways are
as fo l lows:

No action
Soi l cover ing
Capp i ng
On-s i te t rea tment/s tab i l i za t i on
On-s i t e d i s po s a l/ l a nd f i l l i ng
Off-s i t e d i s p o s a l/ l a n d f i l l i n g

3 .2 IDENT I F ICAT ION AND SCREEN ING OF ALTERNATIVE TECHNOLOGIES
A feas ib l e technology for John s -Kanv i l l e Waukegan S i t e is one
which w i l l immob i l i z e or d e s t r oy/s t ab i l i z e a sbe s to s and lead in
the waste mater i a l s and so i l on this s i te such that the
potential of asbestos re leases to the air and direct contact
with lead contaminated mater i a l s i s e l im ina ted or m i n im i z e d .
Surface and near surface waste mater ia l s at this s i te , the most
l i ke ly contro l target s , are re la t ive ly non-combust ib le and
re la t ive ly inert . Therefore, based on the above cr i ter ia and
the charac t e r i s t i c s of the waste ma t e r i a l s/ so i l , techno log ie s
l i ke chemica l d e tox i f i c a t i o n , b i o l og i ca l treatment, land



appl icat ion and inc inerat ion are cons idered to be not feas ib leat this site. Remedial technologies considered feas ib le foreach response action, to address the primary concerns at this
site are summarized below:
1. Soi l Covering

Clear i ng and grubb ing
Grading wastes
Plac ing clean soil cover
Placing riprap on pond slopes and gravel onroadways
Plac ing top soil and construct ing s i te dra inageditches
Revegetation with grasses and shrubs

2. Capping
Clearing and grubbing
Grading wastes
Plac ing multi-layered cap and p lac ing synthetic
l iner in settl ing basins
P la c i ng riprap on pond s lopes and gravel on
roadways
Revegetation with grasses and shrubs

3. On-s i te Treatment/stabil ization
Clear ing and grubbing
Grading and segregating wastes
Plac ing clean soil cover
Mixing soil with l ime, cement and water
Spreading and compacting of soil mixtures
Cement grouting of steep slopes

4. On- s i t e d i sposa l/ landf i l l i ng
Deve lop ing area for landf i l l construct ion by
grading and preparing subbase
Insta l l ing mult i- layer l iner
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Excavating and removing wastes to landf i l l ;
co l lect ing and treat ing leachate and runoff
Plac i ng multi-layered cap and c lo s i ng landf i l l
Rebu i ld ing of process water treatment bas ins andbackf i l l i ng and grading of site

5. Off-s i t e d i sposa l/ landf i l l i ng
Excavat ing , test ing and removing wastes to "rol l
off" boxes
Transport ing to approved d isposa l fac i l i t i e s
Rebu i ld i ng of process water treatment ba s i n s andbackfi l l ing and grading of site.

Whi l e each of the technologies outlined above has some
appl i cab i l i ty at this s i te , several factors suggest that the
range of appropriate options is more restricted. The fol lowingsect ions descr ibe the alternat ive technologies involved in eachof the response act ions , inc lud ing their re lat ive merits inaccordance with the following evaluat ion factors:

Technical performance including abi l i ty to satisfy
environmental standards
Comparative cost
Implementabi l i ty
Risk
Rel iab i l i ty
Potential environmental impacts inc luding safety

Table 3-1 summar izes , in matr ix format, the re la t ive mer i t s ofalternat ive technologies in respond ing to the primary concernsat th i s s ite us i ng a numerical des ignator for the least
favorab le to most favorable response. Scores of 0 and 4 in thetab l e s represent the extremes for the a l t e rna t ive s ; 0 is theleast favorable and 4 is most favorable. Intermediate valuesbetween 0 and 4 are used to rate an a l t e rna t i ve response incompar ison to the other a l ternat ives for re lated eva lua t i on
factors . Intermed iate va lues are sub jec t ive , based on
exper i ence and eng ineer ing judgment. The ba s i s for the scor ingapp l i ed in Table 3-1 is descr ibed in the fo l lowing paragraphs .
3 . 2 . 1 SOIL COVERING AND CAPPING

Soil covering technology alternative involvesconstruct ion of a soi l cover over the waste ma t e r i a l s
deposited at the site. In addit ion, a minimum cover of
24" c l e an soi l on al l roadways w i th an add i t i o na l 4" to
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TABLE 3-1
RELAT IVE MER ITS OF ALTERNAT IVE TECHNOLOGIES

CONTROL OF WASTE SOURCES ^ 1 '

EVALUATION
FACTOR

TechnicalPerformanceIncluding
Abil i ty ToSatisfy Environ-mental Standards

Comparat ive Cost

Implementa-bi l ity

Ri s k

Rel iab i l i ty

EnvironmentalImpacts Including
Safety

TOTAL SCORE

SOIL f t }CRITERIA COVERING*4 ' CAPPING
AProvenTechnology 2

Degree of GroundWater ProtectionProvided 1
Eliminat ion ofDirect Contact andAirborne DispersionPathways 4
Capita l Cost 3
Operation and
Maintenance Cost 4
Cost Certainty 4
Effort Required forDesign/Approval 4
Time Required toImplement and achievebeneficial results 3
Constructabi l i ty 4
Long-Term
Liabi l i ty 1
Risk of Failure 1Operat ion and Mainte-
nance requirements 3
Future Site Use 3Potential Health/Env
Impacts DuringConstruction 3
Pub l i c Acceptance 3
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2

0

4
4

3
4

4

4
4

1
1
3
3

4
3

-44-

3

3

4
2

3
2

3

3
3

2
2
3
3

3
4

-43-

ALTERNATIVE SCORE ( 2 ) . . .
ON-SITE OFF-S ITE ON -S I TE < 3 >

0
3

1
1

1
1

0
0
1
0

2
0

~TT~
(1) Sources defined as waste mater ia ls contain ing asbestos and lead.(2) Legend (re lat ive scores) :4 -Host Favorable

3 - Favorable2 - Intermediate1 - Unfavorable
0 - Abortive

(3) Assumes fac i l i ty/system concurrently developed to handle contaminated so i l s .
(4) Suba l t ernat ive A - Min imum 24" cover without vegetat ionSuba l t e rna t i ve B - Min imum 18" cover wi th vegetat ion
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0

2

1
1

4
4
4
4

0
1
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4
1

2
1

0

0
0

3
3
0
3

1
2
28



8" thick gravel on a l l -weather d ike roadways, nomina l
12" thick riprap on 4" bedding material on interiorslopes of sett l ing bas in s and groundwater and surfacewater monitoring are included in soil covering and
capp ing response a l t ernat ive s . Two sub-a l ternat ives arepermitted relat ive to thickness of soil cover (40 CFR
Part 6 1 . 1 5 3 ) :
1) Using a minimum of 24" compacted clean soil cover

without vegetat ion .
2) Us i ng a minimum of 6" compacted clean soil cover

with vegetat ion . However, because of the freeze-thaw effects the minimum clean soil cover
thickness with vegetation considered adequate is18"

Capping technology involves multi-layered cap over the
waste mater ia l s and a synthetic l iner in the sett l ing
bas ins which is relatively impermeable. Mult i- layer capinvolves 30 mi l s thick synthetic l iner, 12" th ick sandand gravel flow zone for flowing away of inf i l trat ionwater and 12" topsoil cover with vegetation.
All of these alternative technologies will provide
e l im inat ion of direct contact and airborne dispers ionpathways and are readily avai lable and straight forwardtechnolog ies . The typical advantages of 18" soil coverwith vegetat ion, as compared to 24" soil cover without
vegetation, and capping, are reduced capital cost, time
required to implement and short-term environmentalimpacts because of relatively reduced materialhand l i ng . Soi l cover ing sub-a l ternat ive technolog iesprovide l imited groundwater protection (relative tocapp i ng ) which, however, does not appear to be of primary
concern at this s i te . Effort required for des ign andapprovals is s imi lar for the two soil covering sub-al ternat ive technologies but is s ign if icant ly less thanthat required for capping, on-site and off-s ite landf i l l ing and on-s i t e s tab i l i za t ion technologies . Off-s i t elandfi l l ing technology normally does not need s ignif icant
des i gn/approva l effort. However, the large volume ofwaste mater ia l s to be removed for disposal wil l require
s i g n i f i c a n t effort in p lann i ng waste removal as wel l asin f ind ing enough landf i l l capacity w i t h i n reasonablehau l i ng d i s tance . The soi l cover ing sub-a l t e rnat ive
techno log ies i nvo lve somewhat greater long-term r i sk s
because of the greater vertical migration ofprec ip i ta t ion and absence of a l iner beneath the waste
mater ia l s to prevent future migration of lead into thegroundwater . Such r i s k s however are min ima l at this s i t e
due to the bound nature of lead in the waste mater ia l s .



Much of the total inventory of waste and contaminated
materials at this site need not be moved for implementing
soil covering and capping technologies, therebydecreasing potential airborne asbestos emiss ions and
accidents result ing from waste material hand l ing .

3.2 .2 ON-SITE TREATMENT/STABILIZATION
Many types of contaminated waste materials and soi ls canbe effectively treated or detoxified using physical,
chemica l , or biological techniques. At the Johns-Manv i l l eWaukegan s i te , the heterogeneity of the waste mater ia l s
suggest that on-s ite treatment techniques may have very
limited applicabil ity. Technology is not readilyavailable to remove asbestos and lead contaminants fromthe waste materials/soil .
The waste materials encountered at the surface and near
surface of the disposal area are mainly non-combust ib leand inert. These can be mixed with clean soi l , lime andcement and stabil ized to form a relatively stable coverwhich will minimize potential direct contact and airbornedispersion pathways. The heterogeneous waste materials ,especial ly in the dike slopes of sett l ing bas ins , do notappear to be amenable to lime and cement-soi lstabil ization but appear amenable to stabi l izat ion bycement grouting.
To implement this stabil ization technology, a complex(and costly) on-s ite waste segregation and process ingsystem would be necessary. Mater ia l s that could not bestabi l ized would be sent to the on-s i te misce l laneous
waste disposal pit. A very s ignif icant engineeringdesign and testing program would be required and the timeof implementation may be relatively lengthy. On-s i te
s tab i l i zat ion technology al ternat ive is est imated to costmore than soil covering with vegetat ion but less thancapping technology alternat ive.
The long-term risks of stabi l izat ion technologyalternative are more than that of other alternatives.
Failure of on-site process ing systems would result inlarge quantit ies of materials being de l ivered to off-s i tefacil it ies or use of other technologies . Future s i te usemay be relatively encumbered.
Lime and cement soil stab i l i zat ion wi l l require
disturb ing and process ing of surface soi l and is l ikely. to result in enhanced levels of airborne asbestos on atemporary bas i s . In addit ion, the exces s ive steep slopes
at the site are not very amenable to lime and cement-soi lstab i l izat ion and will require more costly cement
grouting. Because materials will be processed at the
s i te , the enhanced r isk of acc idents due to s t ab i l i z a t i on
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work on steep embankment slopes, and the routine releases
of environmental contaminants present s ign i f i cant shortterm concerns. On-s i te stab i l i zat ion wil l invo lveprocess ing of surfic ial so i l s and hence increase
potent ia l of h igher levels of airborne contaminants andnoise in the vicinity of the site. Therefore, somepublic opposition to on-site stabil ization of wastescould also be expected.

3 .2 . 3 ON-SITE DISPOSAL/LANOFILLING
In this technology alternative, the contaminated wastemater ia ls/soi l present at the site would be excavated,
loaded and transported to an on-site landfi l l des ignedand constructed specifically for the disposal of Johns-Manvi l l e Waukegan waste mater ia ls . In addit ion, the
process water treatment basins would have to bereconstructed using clean soil dikes and two feet thick
relatively impermeable compacted clay liner. Using this
approach about 46 acres in the northwest corner of theManvi l l e Waukegan Plant Property would be developed forconstruction of a landfi l l compliant with all app l i cab leregulations, and the s ite waste mater ia ls/soi l would beremoved from its present location to this landf i l l . This
alternative uses proven technology for contaminatedwastes and soil disposal .
The on-site disposal technology alternative is typicallyconsidered attractive when the fol lowing condit ionsapply:

The quantity of waste and contaminated soilis sufficiently large to justify thedesign, permitting, and facil ityconstruction costs.
The type of waste is conducive to land-f i l l ing ( e . g . , res idual so l ids andcontaminated so i l s ) .
The geologic sett ing is favorable ( e . g . ,approximates that of avai lable commercialfaci l i t ies) relative to the degree of long-term waste iso lat ion that can be effected.

At this s i te , the quantity of waste ma t e r i a l s/ s o i l
(about 2.2 m i l l i o n cubic yards) i s r e l a t i ve l y
large so that the development of an on-s i telandfi l l for these mater ia l s alone is cost-
effect ive.
Site wastes are amenable to landfil l ing in an on-
site or off-s i te landfi l l .
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Relat ive to other avai lab le commercial fac i l i t ies ,
the geologic and hydrogeologic cond i t ions at thissite are not optimum for landfill development.However, the ut i l izat ion of acceptable eng ineer ing
practices ( i . e . , dual liner system, above gradeconstruction) does not preclude the feas ib i l i ty ofan on-site landfill technology.
The presence of very permeable surficial so i l soverlying a shal low aquifer ind icates that a
traditional below-grade landfill could not beemployed at this site. Such a faci l i ty would needto be constructed above grade and should include a
dual l iner system to min imize off-s ite contaminantmigration. Use of this des ign would provide adegree of long-term waste iso lat ion s imi lar tothat avai lable from commercial landf i l l s .
The capital cost of an on-s ite landf i l l technologyalternative is estimated to be less than that forthe off-site disposal alternative. Long-termmonitoring and maintenance costs would be higherthan other alternatives but still less than thatof off-site disposal alternative because of higheroff-site disposal costs of currently generatedwaste materials.
The design effort required for the on-sitedisposal technology alternative would be muchgreater than that needed for the off-site disposal
alternative. Deta i l ed des ign of the landf i l l mustaccount for management of runoff and leachate bothduring construction and after the landfi l l iscompleted. Testing of l iner and cap mater ia l swould be needed to assure compat ib i l i ty with wastematerials so that the des ired degree of long-termi so lat ion could be ach ieved. Atta inment of al lrequired permits for the landfi l l would a lsoinvolve a s ign if icant eng ineer ing effort.
The engineering efort would delay implementat ion ,as compared to the off-site d i sposa l a l t e rnat iveand the actual construction period would belonger.
Construct ion of the landf i l l , waste removal and
disposal , closure and reconstruct ion of thesett l ing bas ins would require at least four
construction seasons as opposed to two needed forsoil covering or capping.
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Waste disposal in a properly des igned and
constructed on-site landfill would involve nogreater long-term risk than disposal in a
comparable off-site facility. However, presence
of permeable surfic ia l so i l s overlying a sha l lowaquifer does increase risk of potential dr ink ingwater source contaminat ion , in case of a l iner
fai lure in the on-s i te landf i l l . Land use wouldbe restricted in the landfil l area but more landwould be available along the Lake Michigan shorebecause of the removal of deposited wastematerials.
Future manufacturing waste mater ia ls , would bedisposed In an off-site landfill or else a portionof the on-site landfi l l would be kept act ive .
Short-term potential environmental impacts dur ingconstruction would be increased, as compared tothe off-site disposal alternative, because of airand noise pollution associated with moving largeramounts of materials. However, the transportationof wastes would be greatly reduced, therebydecreasing risks associated with transportation
acc idents . On-s i t e landf i l l ing wil l result in a ir
and noise pol lut ion due to moving of large amountsof contaminated material closer to the ex i s t ingresidential dwell ings. Therefore, some publicopposition to an on-site landfill technologyalternative would be expected.

3 . 2 . 4 OFF-SITE OISPOSAL/LANOFILLING
This technology a l ternat ive involves s im i l a r on-site waste/soi l excavat ion and handl ing as used inthe on-site d i sposa l alternat ive. The difference
is that exist ing commercial landfi l ls at off-sitelocations would be used for disposal of sol idwastes and contaminated soi l s . Futuremanufactur ing wastes , would be d isposed in an off-site landfi l l . This alternat ive re l ies on provenwaste excavat ion and hand l i ng technology. Theoff-s i te d isposa l a l ternat ive would i nvo lve are lat ive ly l imited des ign effort and cou ld bein it iated quickly. The duration of the actual
removal effort is proportional to the amount of
waste removed. The large quantity of wastematerials to be removed and the reconstruction ofsett l ing bas i n s would require at least three
construct ion seasons .
Removal of waste from the s i te l imits future
l iab i l i t i e s and has a relat ively small r i sk of
fai lure ( i . e . , not meeting program ob jec t ives ) .



Some of the s ite would be released for other uses
and long-term environmental impacts are m in ima l .
The off-site disposal a lternat ive may not befavored by the local populace due to increasedwaste handl ing and transportation Involved.
During the removal effort, potential environmentalimpacts would be related to "normal" construct ion-generated pollution (e .g . , noise, dust) and therelease of hazardous pollutants from both routine
and accident condit ions. Potent ia l for exposureto dust and airborne asbestos fibers would be
maximum for off-site landfill ing due to increasedwaste handl ing and transportation involved. Aproperly managed and executed operation couldlimit such impacts to acceptable levels.
The capital cost assoc iated with waste/so i lremoval and disposal is approximately l inear. On
a very preliminary basis the cost of excavat ing,transporting, and disposing bulk waste/soi l isestimated to be about $27 .0 to $30.0 per cubicyard. In addit ion, clean soil and l iner materialwould be required to reestablish process water
sett l ing bas ins and restoring site to normalgrades. Total cost of this alternative would bethe highest of all of the evaluated technologyalternatives for mit igat ing the potential impactsof the contaminated wastes/soi l at this site.

3.3 DEVELOP REMEDIAL ACTION ALTERNATIVES
In section 3.2 alternative technologies were evaluated us ing
environmental , publ ic health, technical and cost factors. Eachtechnology was rated on each factor us ing a numerical score.This evaluation has indicated that, for the objectives to beachieved at this site, on-site stab i l i zat ion technology is not aproven technology, Involves high risks and is less l ike ly to beaccepted by public due to increased potential of higher levelsof airborne contaminants and noise. The screening oftechnologies has indicated that stabi l izat ion technology is theleast favorable for this site and soil covering with vegetationis the most favorable technology for this site (see Table 3-
1) . Therefore, the on-s ite s tab i l i zat ion technology is be ingexcluded from further cons iderat ions for this site.The fol lowing range of remedial act ion alternat ives areava i l ab l e based on the screened technolog ies .

No act ion
Grading and seeding
Soi l covering with vegetation
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So i l c ove r i n g wi thout vege ta t ion
Capp i n g
On-s i te landf i l l ing
Off-s i te landfi l l ing

A general d iscuss ion of the conceptual des ign , technical ,
environmental , public health and cost factors involved in eachof soi l cover ing (a minimum of 18" cover) and vegetat ion, soi lcovering (24" cover) without vegetat ion, capping, on-s i te
landf i l l ing and off-site landfi l l ing alternat ives is presented
in Section 3 .2 . The remaining two alternat ives are d i scussedbelow:
No Action
This a l ternat ive would involve leav ing the wastes on the
d i sposa l area in their current state. Under th i s a l ternat ivesome of the lead and asbestos conta in ing waste mater i a l s/so i l
would remain exposed. The groundwater and surface water wouldhowever be sampled bi-annual ly and analyzed for lead and other
organic and inorganic water quality parameters to evaluatefuture migrat ion potential of lead to groundwater.
The potential of human and wi ld l ife exposure to on-s i te asbestosfibers and lead would continue to ex i s t . The- s i t e would there-
fore not meet remedial response object ives and requirements ofSection 105 of The Comprehens ive Environmental Response ,Compensat ion, and Liabi l i ty Act of 1980 (CERCLA) . There may
a l so be publ ic oppos i t ion to this a l ternat ive . In the short-term, there would be considerable savings in the commitment ofnatural resources, energy and money. However, in the long-term
the environment and public health may be adversely impacted.
Grad ing and Seeding
This a l ternat ive would involve grad ing of waste mate r i a l s/so i land laying a 3" thick layer of top soil on all surfaces exceptthe roadways, and top of d ike s . All surfaces covered with thetop soil would be fert i l ized and seeded. In add i t i o n , a min imumcover of 24" clean soi l on top of d ikes , 4" to 8" th ick gravel
on al l-weather d ike roadways and nominal 12" thick r iprap on 4"bedd ing mater ia l on interior slopes of sett l ing ba s i n s would be
prov ided . The groundwater and surface water would be sampled
annua l ly and analyzed for lead and other organic and inorgan ic
water qual i ty parameters.
This a l t e r na t i v e would be expected to d im i n i s h the potent ia l for
on-s i t e a i rborne asbestos em i s s i on s and direct contact withwaste ma t e r i a l s/ s o i l conta in ing h igh levels of lead but provide
poor groundwater protect ion. However, 3" top soi l cover w i l l
not meet the NESHAP regulat ion for asbestos d i spo sa l s i t e s (40
CFR Part 6 1 . 1 5 3 ) . A l imUed potent ia l of human and w i l d l i f e
exposure to asbes tos f ibers and lead may cont inue to ex i s t . The
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s i t e may therefore not ful ly meet the r emed i a l re sponse
ob j e c t i ve s and the requirements of CERCLA . There may a l so be
pub l i c oppo s i t i o n to th i s a l t e r n a t i v e . In the short- term, there
would be reduced commitment of energy, money and natura l
resources due to reduced use of mater ia ls as opposed to soi lcovering or capp ing alternat ives . However, in the long-term theenvironment and public health may be adversely impacted .

3.4 SCREENING OF ALTERNATIVES
A two step procedure is used for screening the ava i lab le
alternat ives . Each alternative is evaluated first on the bas i sof its environmental and publ ic health impacts . Those which do
not adequately protect the environment and public health areel iminated. Those providing s imi lar environmental and publ ichealth and welfare benefits are subjected to cost screen ing .
3.4. 1 . ENVIRONMENTAL AND PUBLIC HEALTH SCREENING

No Action; Under no action alternative some of the wastemater ia l s/so i l , conta in ing lead and asbestos would remainexposed. Both lead and asbestos fibers can becarcinogenic to human and wi ld l ife popu lat ion . However,there is no current evidence to suggest that theinorgan ic lead found at this site is a human or animal
carc inogen. The potential of exposure of Manv i l l eemployees, working on the site and wildl ife harboring in
the vicinity of the site, to lead and airborne asbestosfibers would remain. In the short-term, there would beconsiderable savings in the commitment of energy andother resources.
Groundwater and surface water in the vic in i ty of the s i tedo not appear to be contaminated by leed and asbestos andare not estimated to be impacted because of thecharacteristics of the waste mater ia ls d isposed on thiss ite . The no action alternat ive, although it does notadequately protect the environment or publ ic hea l th andwelfare, wil l be used for comparison in subsequent
detailed analysis of alternatives to satisfy requirementsof NCR.
Grading and Seeding:
Potential for on-s ite airborne asbestos em i s s i o n s and
direct contact with lead-contain ing waste mater ia l s woulddecrease but may not be el iminated. A l imited threat of
human and wi ld l ife exposure to asbestos f ibers and lead
may continue to exist. The site may therefore not fullymeet the remedial response object ives .
Also adverse short-term impact may occur due to increased
level of airborne asbestos during constructionact iv i t i e s . This adverse impact can be m in im i z ed by
us ing extens ive program of wett ing mater ia l , personal

3-12



monitor ing for asbestos, use of warning s igns and
appropriate protective health and safety equipment dur i ngconstruct ion.
Soi l Cover i ng with and Without Vegetation or Capp i n g
Each of these three alternatives would provide adequateprotection to human and wildl ife population in thevicinity of the s ite. . Capping would provide addedprotection to g.roundwater (which, however, is not ofprimary concern at this s i te ) . The geological sett ing ofthis site is such that the majority of the inf i l trat ionwater along with the settl ing basin seepage isintercepted and recycled through the service water lagoon
and the industrial canal . Lead and asbestos contaminantsin the waste materials are in the encapsulated and non-leachable forms. In view of these observat ions, theadded benefit of capping (of reduced potentialgroundwater contaminat ion) would not off-set its greater
short-term adverse environmental impacts due to increasedmaterial handl ing.
Each of the three alternatives involves grading and
handl ing of asbestos and lead contain ing waste mater ia ls .In the short-range, this may increase level of airborneasbestos fibers in the vicinity of the constructionarea. This may have adverse impact on the publ ic healthand welfare on a temporary bas i s . An extens ive programof wetting these mater ia l s , personal monitor ing, use ofwarning signs and appropriate protective health andsafety equipment dur ing construct ion would be required to
min imize these short-range adverse publ ic nealth impactsand limit such impacts to acceptable levels.
On-s i te Landfi l l ing
In the long-term this a l ternat ive would provide adequate
protect ion to human health and environment in thevic in i ty of the s i te . . It would also protect groundwaterand surface water from potential contamination (wh ich isnot of concern at this s i t e ) . Because of the longestimplementation time of this alternat ive, there would bethe greatest exposure of public and wi ld l i fe to lead,airborne asbestos , dust and no i se . A properly des ignedand implemented program invo lv i ng wett ing of waste
mater ia l s , personal monitor ing, use of warn ing s igns and
protect ive hea l th and safety equipment dur ing
construct ion would be required to m i n im i z e the short-term
adverse publ ic health impacts . As compared to off- s i t elandfil l ing, the transportation of wastes would be
greatly reduced, thereby decreas ing r i sks as soc ia ted wi th
mater ia l transportat ion acc iden t s . Land use would berestr icted in the on-s i te landf i l l area but more land
would be ava i l a b l e a long the Lake Mi c h i g a n shore becauseof the removal of depos i ted waste mater ia l s .
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Off-Si t e Landf i l l i n g
The short-term and long-term health and environmentalimpacts of this alternat ive would be s imi lar to that ofon-s ite landf i l l i ng except that the off-s ite l andf i l l i ng
alternative would Involve somewhat shorter period of
construction generated pol lut ion (e .g . noise, dust) andgreater risk of transportat ion acc idents . A properly
managed and executed waste removal and hauling operations
could l imit short-term adverse impacts to acceptablel eve ls .

3 .4 . 2 COST SCREENING
Except no action alternat ive, all the a l ternat iveswould dimin ish the potential for on-site airborne
asbestos emiss ions and direct contact with leadconta in ing waste mater ia l s/so i l . Grad ing and
seeding alternative may not fully protect theenvironment and publ ic health in the v ic in i ty ofthe site.
Soil covering with and without vegetation and
capping alternatives provide more or less s imi larenvironmental, publ ic health and welfare benefits
for this site. Also, on-s ite landfi l l ing and off-site landf i l l i ng alternat ives more or less
provide similar public health and environmentalbenefits .
The est imated capital and operat ion andmaintenance costs of each of the alternat ives arepresented in Appendix A. These costs have beenestimated us ing vendor est imates and est imates for
s imi lar recent projects. Present worth ana lys i s
of costs has been made us ing a d iscount rate of101 and a performance period of 30 years. Asummary of cost analysis of different alternat ivesi s presented in Table 3-2 . Although the publ ichealth and environmental benefits of soil coveringwith vegetat ion, soil cover ing without vegeta-tion and capping are more or less s im i lar , their
present worth costs are $4 ,086 ,090 ; $ ' , 1 3 4 , 0 4 0 and
$ 7 , 5 9 0 , 1 4 0 respect ively. Therefore o i t of these
three alternatives, only the least co j talternat ive of soi l covering w i th vegetat ion wi l l
be used for detai led analys i s . The on- s i t e and
off-site landf i l l ing alternat ives , although thetwo most costly a l ternat ives , will be evaluated
further because of the NCP requirements.
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Thus the a l ternat ives remain ing after the two
stage screen ing process are as fol lows:

No act ion
Grading and seeding
Soil covering with vegetation
Off-site landfill ing
On-site landfil l ing



TABLE 3-2 SUMMARY OF COST ANALYSIS

COST ESTIMATES ($ 1 ,000)
ALTERNATIVE

No action
Grading and Seeding
Soil Cover ing withVegetat ion
Soi l Cover ing withoutVegetat ion
Capp ing
On-Si t e Landf i l l ing
Off-Site Landfill ing

Capi ta l

15
2 ,6 15

3,624

3 ,795
7, 128

38 ,555
70,565

Annual 0 & M

33
54

49

36
49
80
300

Present Worth at 10?
Discount Rate for 30 years

326
3 , 1 2 4

4 ,086

4 , 1 3 4
7 ,590

3 9 , 3 0 9
73,393
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4.0 REMEDIAL ACTION ALTERNATIVES
This chapter provides a detailed description of each of thealternat ives which were ident if ied as v i ab l e after in i t ia l screen ing .Based on initial screening, the soil covering with vegetationalternative 1s viewed as most appropriate for remedial action (forsecuring the waste mater ia l s/so i l ) on this s i te .
Four alternatives have been devised for mit igat ing potential adverseimpacts of the contaminated mater ia l s/so i l at this s ite . A fifth noact ion a l ternat ive has been added to fulfill NCP requirements . These
alternatives are summarized as follows:

Alternat ive I: No Action
Involves leaving the waste mater ia l s/so i l on the disposal areain their current state, but includes mon i tor ing of groundwaterand surface water.
Alternat ive II: Grad ing and Seeding
Involves grading of waste mater ia l s/so i l , add ing top soi l ,fert i l iz ing and seeding.
Alternat ive II I : Soi l Cover ing with Vegetat ion
Involves grading of waste mater ia ls/soi l and laying a minimum of18" compacted clean soi l cover, add ing top so i l , fert i l i z ing andseeding.
Alternat ive IV: Off-S i t e Landf i l l i ng
Involves excavat ion , removal, transportation 'and disposal ofwaste mater ia l s/so i l in an approved off-s i te landf i l l .
Alternat ive V: On-S i t e Landf i l l i ng
Involves excavat ion, removal, transportation and disposal of-waste mater i a l s/so i l in an on-s i t e landf i l l des igned andconstructed spec i f i ca l ly for the d i sposa l of John s -Manv i l l ewaste mater ia ls/soi l .

Each of these a l ternat ives is d i s cu s s ed in detai l in the fo l l ow ing
sect ions .
4.1 NO ACTION ALTERNAT IVE

This a l t e r na t i v e invo lves l e av i ng the wastes on the d i sposa larea in the ir current state and con t i nua t i on of the present
waste treatment and disposal act iv i t i es . Obvious ly thisa l t e rna t ive would not provide control of the potent ia l source ofcon tam ina t i on at th i s s i t e , and potent ia l of exposure of
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publ ic and w i l d l i f e to the lead and asbestos conta in ing wasteswould remain. The groundwater and surface water would however
be monitored b i-annua l ly to detect whether water qual ity is
degraded in future.
4 . 1 . 1 SCOPE OF WORK

Activity to be accomplished under this alternative would
cons i s t of the fo l lowing :

Monitoring and reporting of groundwater and
surface water quality.

Descr ipt ion of this activity is presented in the
following paragraph.
4 . 1 . 1 . 1 MONITORING AND REPORTING OF GROUNDWATER AND

SURFACE WATER QUALITY
The surface water and groundwater would be
sampled bi-annual ly and analyzed for lead and
other organic and inorganic water qualityparameters (such as pH, SO^, N03-N, Cr, Al,
Cl, specific conductance, total a lka l in i typentachlorophenol and volatile organiccompounds indicated by USEPA Scans 601 and
602) . A contingency plan will be developedto take necessary remedial action in the
event that contaminant concentrations whichwould pose a threat to human health and
environment are detected. The durat ion ofmonitor ing and reporting of the resu l ts to
USEPA would be of the order of 30 yearsunless indicated otherwise by prolongedmonitor ing. A minimum of eight (8)
monitoring wells (3 north of the s i ts , 3 eastof eastern site boundry, two of which wil l betwo well c lusters, one west and one south ofthe site) and three (3) surface watersampl ing locat ions (treatment bas i n sinfluent, effluent and industrial canal ) asshown in Figure 2-5 would be mon i to r ed .

4.2 GRADING AND SEEDING ALTERNATIVE
This a l ternat ive involves grad ing of waste mater i a l s/so i l and
establ i sh ing vegetation. The three active waste disposal areas
would cont inue to be used for current and future wasted i sposa l . Writ ten waste hand l ing procedures would be providedto the staff working at the site for asbestos disposal pit, themisce l laneous disposal pit , and the s ludge d i sposa l p i t .However, the asbestos disposal pit would be closed and provided
with the same cover th ickness as the rema in ing dry disposalareas in 1989 and any asbestos conta in ing mater ia l generated after
closure would be disposed off-site in an approved landfi l l .
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4 . 2 . 1 SCOPE OF WORK
Activ i t i e s to be accomplished under this alternat ivewould cons i s t of the fo l lowing :

Site preparation and set-up
Clear ing and grubb ing and misce l laneous s i te work
Grading wastes
Plac ing riprap on sett l ing-bas in slopes and gravel
on d ike roadways
Plac ing top-soil and constructing s ite drainage
ditches
Re-vegetat ion with grasses and shrubs
Support services
Monitoring and reporting of surface water andgroundwater qual i ty

Site preparat ion and set-up ac t iv i t i e s , support serv ices
and mon i tor ing of surface water and groundwater in thevicinity of the s ite would a l so be app l i cab le , to avarying degree, to the grad ing and seeding, soi l
covering, on-site landf i l l ing and off-site landf i l l i nga l ternat ives . Descr ip t ions cf the act ions that would betaken during each of the ident i f ied act iv i t i e s arepresented in the fol lowing paragraphs .
4 . 2 . 1 . 1 SITE PREPARATION AND SET-UP

Prior to implementing waste handl ing
operat ions, the s i te would be prepared for
the work. Si te preparat ion would be neededto achieve the fol lowing ob j e c t i ve s :

Provide a safe work site for personnelboth i n s i de and outs ide the s i t e
boundar ies .
Prov ide env ironmenta l contro l s so that
contaminat ion is not spread wh i l e
ac comp l i s h i ng the remedia l act ion
program.
Provide fac i l i t ies so that produc t ion
and schedule object ives can be met forthe range of uncertainty for the wastematerial to be removed.



Site preparat ion ac t iv i t i e s would inc lude
construction of a temporary fence wi thvehicular access gates , e s tab l i s h i ng s i te
work zones, and locat ion of supportfaci l it ies at the s ites ( e . g . , off icetrailers, decontamination fac i l i t ies formaterial hand l i ng equipment, decontaminat ionand health and safety moni tor ing tra i l er s ) .

4 . 2 . 1 . 2 CLEARING AND GRUBBING AND MISCELLANEOUS SITE
WORK
This would involve cutting of volunteer and
other trees and shrubs growing on the d ike
slopes and top of waste piles and removal of
stumps to faci l i tate site grading. Treecuttings and stumps would be buried on site1n the misce l laneous waste d i sposa l pitand/or in the col lect ion bas in or burned on
site.
The misce l laneous work would involve the
following:

Clean up of the beach and thesouthwest portion of the wastedisposal area.
Fence (where feas ib le) on the eastern
s ite boundry along the elevated areanear the beach.
Dikes at the depressed areas a long the
north side of the industrial cana l .
Addit iona l warning s igns along the
waste d isposa l area boundry fences tocomply with the requirements of
NESHAP. These s igns may be removedafter the site has been remediated and
asbestos disposal pit has been c lo sed .

4 . 2 . 1 . 3 GRADING WASTES
This would invo lve s i te grad i ng by u s i n g
existing waste materials/soi l on the site andclean fill borrowed from off-s i te
locat ions . All d i ke s would have a max imumslope of 1:2 (one vert i ca l : two
hor izonta l ) . All dike roadways would beabout 20 feet wide . All top surfaces wouldslope towards sett l ing bas ins or toperipheral ditches. It is estimated thatgrading would invo lve about 30 ,000 cub ic
yards of balanced cut and fill and 2 1 ,000
cubic yards of borrow-fi l l .
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4 . 2 . 1 . 4 PLACING TOP SOIL AND DRAINAGE DITCHES
The graded waste materials would be coveredwith a min imum of 3" of top so i l . Top soi lwould be spread on all surfaces except theroadways and top of dikes.
All surface runoff from the s ite would flowto process water treatment bas in s or to the
peripheral ditches . About 1 1 , 000 l inear feetof shallow grassed peripheral ditches wouldbe used to col lect and direct all runoff from
this site to the industrial cana l . Inaddition, the exist ing northeast ditch andsoutheast ditch (at the northeast corner of
the miscel laneous disposal p i t ) would bereplaced by buried drainage pipes, fi l led andclosed and d ike seepage would be col lectedthrough the drainage pipes. The northeastcorner of the misce l laneous d i sposa l pitwhich is presently open, wil l be e levatedsuch that no surface runoff from the pitwould ex i t from this area.

4 . 2 . 1 . 5 REVEGETATION WITH GRASS AND SHRUBS
All surfaces covered with top soi l would be
fert i l i zed and seeded us ing hydromulch. The
hydromulch would cons ist of fert i l izer and
germinated seeds of fast growing grasses\fescue, timothy, reed canary and
bluegrass) . In addit ion, a l imited number of
ornamental trees/shrubs would be p lanted
along the periphery of the s i te . Thisvegetat ion would increase evapot ran sp i ra t i on ,
reduce eros ion, increase s tab i l i ty of s lopes ,improve site appearance and reduce potentialdirect contact and a i rborne d i s p e r s i on
exposure pathways.

4 . 2 . 1 . 6 PLACING R IPRAP ON SETTLING-BASIN SLOPES AND
GRAVEL
One layer of nomina l 12" th ick l^ 'me s tone
riprap would be placed (by drop method of
p lacement) on port ions of i n t e r i o r s lopes of
s e t t l i ng bas in s where it is feas ib le to placer iprap. Su i t a b l e bedd ing mater ia l (4" th i c k )wi l l be used to prevent eros ion of soi lunderneath the r iprap. All other exposed
i n t er ior s lopes of se t t l i ng ba s i n s wou ld be
covered with top soi l and fert i l ized and
seeded.
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A minimum of 24" clean soil cover wi l l be
placed on top of d ikes and d ike roadways. Inadd i t ion , heavi ly used dike roadways wi l l be
covered with 8" of compacted gravel , and
l ightly traveled dike roadways with 4"
compacted gravel , to permit their use dur ingall seasons.
A contingency plan will be implemented toensure that no asbestos-contain ing sludge is
dredged in the future and disposed on-s i te .
This contingency plan wi l l include the
discontinuance of dredging act iv it ies in the
33-acre sett l ing bas in . If any sludge isremoved from the 33-acre settl ing basin inthe future, it will be tested for asbestosusing USEPA approved methods and disposed of
in accordance with app l i cab le regulat ions .

4 .2 . 1 . 7 SUPPORT SERVICES
During the construction work, supportservices would include security, workerhealth and safety protection, and
environmental monitoring. Site securityMould be enhanced by the location of atemporary fence with veh icu lar access gates
and s igns . A security guard at the s i te isnot needed as the entrance to the plant ismonitored by a security guard. These
security measures would greasy d im i n i s h thepossibi l ity of unauthorized personnelentering the s ite . Dur ing act ive
construct ion times, the s ite might be viewed
as an attractive nuisance from dust and noiseand would be protected accord ing ly . Act ive
construction areas would be wetted prior tograding and handl ing of dry waste
materials . All so i l/bu lk mater i a l s broughtto the s i te for construction would be tested
for contamination. One composite samplewould be analyzed out of every 2 ,000 to 4 ,000cubic yards of so i l/bulk mater ia ls hauled tothe site. Specific criteria for accept ing or
rejecting the soil hauled to the s i te for useas a cover material will be developed us i ngthe background levels of inorganic leadand/or asbestos found in the off-s i te so i lsamples. Trucks coming to the site fordel ivering soil and other materials would bespray washed (on out-s ide) on adecontamination pad prior to leaving the s i t e
and the washwater would be drained to
sett l ing bas ins or peripheral d i tches for
treatment and plant reuse.
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A worker hea l th and safety program would be
employed throughout act ive cons t ruc t ion . At
this t ime, it appears that Level C protection
would be appropr iate for waste hand l i ng andgrading act ivit ies and level D protection for
other ac t iv i t i e s . Level C protect ion
Includes use of respirators (approved by
HIOSH or Bureau of Mines , Dept of Interior)coveral ls, gloves, foot covering, headcover ing and Level 0 protect ion inc ludes allof above except use of resp irators .
Environmental monitor ing would be required to
assess a irborne releases of contaminants
during the waste hand l i ng and grad ing
operation. This would consist of the use of
personal samplers, using 0.8 micrometerporosity filter, in the breathing zone of
workers on the s ite . Exposure of any worker
would not exceed 8-hr weighted averageairborne asbestos concentrat ion of 0.2fibers/cubic centimeter and a ce i l i ng
concentrat ion of 10 fibers/cubic cent imeterfor fibers longer than 5 micrometers .

4 . 2 . 1 . 8 MONITORING AND REPORTING OF SURFACE WATER
AND GROUNDWATER QUALITY
This would be the same as described inSection 4 . 1 . 1 . 1 for the no act ion a l t e rna t ive
except the frequency of sampling would beonce per year. The frequency has beenreduced because of the expected reduction inInf i l trat ion flows and hence potent ia lcontaminant migrat ion from the disposal area,due to 3" top soi l and vegetat ion . The
duration of mon i tor i ng and report ing of the
results to USEPA would be of the order of 30
years unless ind i cated otherwise by prolongedmonitoring.

4.3 SOIL COVERING WITH VEGETATION
This alternative involves grading of waste mater ia l s/so i l ,
cover ing with a minimum of 18" compacted non-a sbe s t c s - con ta i n i ngsoil and growing and ma in ta in ing a cover of vegetat ion on the
i nact ive d i sposa l area. Two va r i a t i o n s cf th i s a l t e rna t i v e are
also d iscussed under th is remedial act ion a l t e r na t i v e . These
d i f fer from the primary a l t e rna t ive on ly in the t h i c kn e s s of thecompacted non-asbes tos-conta in ing soi l cover . One var i a t i on
inc ludes a minimum of 24" cover and the second a min imum of 30"cover. The three active waste d i sposa l areas ( s l udge d i sposa l
pit , asbestos disposal p"'t and misce l laneous disposal p it) would
cont inue to be used fcr current and future waste d i s p o s a l .Written waste handl ing procedures would be provided to the staffwork ing at the s i te for asbestos d i sposa l pit , the
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misce l laneous d isposa l pit, and the sludge d i sposa l pit .
However, the asbestos disposal pit would be closed in 1989 andany asbestos-containing material generated after c losure wouldbe disposed off-site in an approved landf i l l .
4.3 . 1 SCOPE OF WORK

Activities to be accomplished under this alternat ive
would consist of the following:

Site preparation and set-up
Clearing and grubbing and miscellaneous site work
Grading wastes
Soil covering and compacting
Plac ing riprap on sett l ing-basins slopes andgravel on dike roadways
Placing top-soil and constructing drainage d i tches
Revegetation with grasses and shrubsSupport Services
Monitoring and reporting of surface water
and groundwater quality

Descriptions of the actions to be taken during each of
the above identif ied act iv i t ies except soil covering andcompacting are presented in Sections 4 . 2 . 1 . 1 through4 .2 . 1 .8 . Descript ion of actions to be taken under soi lcovering and compacting are presented in the fol lowingparagraph
4.3 . 1 . 1 SOIL COVERING AND COMPACTING

The graded mater ia l s/so i l would be covered
with a minimum of 15" or 21" or 27" of
compacted non-asbestos-contain ing soildepending upon the var iat ion se lected . Areas
on the southwest and northeast corners of thesite would also be provided with soilcover. A top soi l cover of 3" placed over
the soil cover would provide added coverthickness and su i tab le soi l for quick growthof grasses.

4.4 OFF-SITE LANDFILLING ALTERNATIVE
This a l ternat ive ca l l s for the removal and off-s ite d i sposa l of
the ent ire waste mater ia l s/so i l at th is s i te . The mate r i a l s tobe removed wou'td be the mater ia ls in the waste pi les , sludge pit
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and other disposal pits plus all of the materials in the dikes
of the process water treatment basins and the wet sludge inthese basins (Figure 2-5 ) . These wastes are class if ied asspecial wastes but not as hazardous wastes. All waste would beexcavated, loaded and transported to permitted landfill ingfacil ities for final disposit ion. The process water treatment-basins would be rebuilt and monitor ing of local groundwater and
surface water would continue to assure that all contributorysources from the site had been removed and that the ground- and
surface water would not be degraded in the future. In future,all waste mater ia l s/so i l generated at the Waukegan fac i l i t ieswould be disposed 1n approved off-site landf i l l s .
4.4 , 1 SCOPE OF WORK

Activ it ies to be accompl ished under this alternat ive
would cons i s t of the fo l lowing :

Site preparation and setup
Waste removal and handl ing
Rebui lding of process water treatment basins andsite grading
Support services
Monitor ing and reporting of groundwater and
surface water quality

Description of the actions to be taken during site
preparation and set-up activit ies and ongoing support
services are the same as discussed in Sections 4 . 2 . 1 . 1
and 4 . 2 . 1 . 7 for the grading and seed ing a l ternat ive .
Descr ip t i on s of act ions to be taken during each of the
remain ing act iv i t i e s are presented in the fol lowingparagraphs .
4 .4 . 1 . 1 WASTE REMOVAL AND HANDLING

Waste removal operat ions would begin with the
waste mate r i a l s/so i l i i the waste p i l e s anddisposa l p i t s . Current ly generated wastemater i a l s/so i l woula not be brought to thes i te and would be transported d irect ly toapproved o f f - s i t e l andf i l l s . Proces s water
would cont inue to be treated at t^e s i t e andwet s ludge would be dewatered at s i t e and
hauled to an approved off-s i te d i sposa lfac i l i ty.
About 20,000 cubic ya^ds of waste mate r i a l s
and 800 cubic yards of sludge would be
disposed in the off-s i te landfi l l annual ly.
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Excavat ion would proceed downward until all
v i s i b l e waste mater ia l s/so i l were removed andnatural beach sand was v i s ib le . Add i t i ona l
4" to 6" natural sands would be removed,stock pi led and tested for asbestos and lead
contaminat ion . If the bulk asbestos level
were less than one percent and the lead level
less than 40 mg/kg , then this soi l would beconsidered non-contaminated and used forconstruction of dikes of the process watertreatment bas in s .
Removal of waste mater ia ls from d ikes oftreatment bas ins would require concurrent
construction of treatment bas ins on landavai lab le after removal of waste mater ia l sfrom waste pi les and disposal p i t s .
Waste would be loaded and transported from
the. site in the bulk so l id containers ( i . e . ,sealed dump trai lers , ro l l-offs) for spec if icwaste mater ia l s , sludge and fr iat 'e asbestoswastes.
Before leaving the s ite, all vehic les would
be inspected and decontaminated as necessaryand all waste transportation manifests wouldbe completed.
An est imated 2.2 mi l l ion cubic yards of waste
mater ia l s/so i l would have to be removed foroff-s ite d i sposa l . These would conta in about25 ,000 cubic yards of fr iable asbestoswastes, 50 ,000 cubic yards of wet s ludge and
125 ,000 cubic yards of dry s ludge.
Commercial landf i l l s are ava i l ab l e ( BF 1 and
ARF landf i l l s ) in Lake County. These areapproved to rece ive mater ia l s from the Johns-
Manvi l l e Waukegan site. Ava i l ab l e capac i ty1n the exist ing landfi l l s in Lake County toreceive Johns-Manvi l l e waste manter ia l s/so i lhowever is l imited . Other a l ternat ivefaci l i t ies might be located throjghout the
Midwest to rece ive the mater ia l s ivom th i ss ite, if requ ired .

4 . 4 . 1 . 2 REBUILDING OF PROCESS WATER TREATMENT
BASINS AND SITE GRADING
Approximately 57 acres of sett l ing ba s i n s andrelated transfer structures, access roads and
toe dra in s would be constructed concurrent
with waste removal act iv it ies . The three
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process Mater streams would be combined andpumped to approximate ly 6 acres of sludgesett l ing bas ins with 12' side water depth
(SWD) . The effluent from these bas ins wouldflow through another 6 acres of sett l ingbasins with 8' SWO. These would be followedby 35 acres of sett l ing bas ins ( 1 2 * SWD) and10 acres of polishing basins (8* SWD) . Theeffluent from the pol i sh ing bas ins would flowto the ex i s t ing industrial canal forrecycling. All interior slopes of dikes andbasin bottom surfaces would be l ined with twofeet thick clay ( laid and compacted in layersof 6" to 8" ) . Berms and access roads wouldhave 8" gravel and remaining exposed surfaceswould be covered with topsoi l , fert i l ized andseeded. The site would be fi l led with clean
fill and graded, and surface drains would beprovided for run off collection and dischargeto industrial canal .
The sludge periodical ly removed from thesludge settl ing basins would be dewatered by
using a 2 acre unl ined sludge drying bas in .
This dewatering method was chosen as this hasbeen successful ly used at this s ite for manydecades. The dried sludge (estimated about800 cubic yards per year) would beperiodical ly removed for off-s ite d isposa l inan approved landfi l l .

4 . 4 . 1 . 3 MONITORING AND REPORTING OF SURFACE WATER AND
GROUNDWATER QUALITY
Because of the continued use of c lay- l inedprocess water treatment bas ins , the surfacewater and groundwater would be sampled (atlocations such as outl ined in Sect ion4 . 1 . 1 . 1 ) annual ly and analyzed for lead andother organic and inorganic water qual i ty
parameters. The durat ion of mon i tor ing andreporting of the results to USEPA would be ofthe order of 30 years un less ind i cated
otherwise by prolonged mon i to r i ng .

4.5 ON S ITE LANDF I LL ING ALTERNATIVE
Thi s a l t e rna t i ve invo lves removal and d i sposa l of the ent ire
waste mater ia l s/so i l to an on-s i te landfi l l des igned and
constructed spec i f i ca l ly for the disposal of John s -Manv i l l eWaukegan waste mater i a l s . The mater ia l s to be removed would
inc lude al l mater ia l s in the waste p i les , waste d i sposa l p i t s ,sett l ing bas i n d ikes and the wet s ludge in the sett l ing
ba s i n s . A landf i l l would be constructed on the northwest corner
of the Man v i l l e p lan t property. Al l wastes would be excavated



and transported to this landf i l l for d i sposa l , and th i s port ion
of the landfi l l would be closed. A portion of this landf i l lwould be kept act ive for the disposal of all current and futurewaste mater ia l s from the Manv i l l e fac i l i t ies .
The process water treatment bas ins would be rebuilt and
mon i tor ing of local groundwater and surface water would cont inue
to assure that all contributory sources from the s i te had been
removed and that the groundwater and surface water qual ity isnot degraded in the future by the process water treatment basins
and the on-site landfi l l .
4 . 5 . 1 SCOPE OF WORK

Activ i t ies to be accompl ished under this a l ternat ivecons ist of the fol lowing:
Si te preparation and setup
Deve lop ing on-site landfill area
Insta l l ing mult i-layer liner
Waste removal and handl ing
Col lec t ion and treatment of leachate and runoff
Plac i ng mult i- layered cap for closure
Rebu i l d i ng of process water treatment bas in s ands i te grad ing
Support act iv i t i e s
Moni tor i ng and report ing of surface water and
groundwater qual ity

Descr ip t ions of actions to be taken dur ing s i t s
preparation and setup, waste removal and hand l i n g , andrebu i ld ing of process water treatment ba s i n s and s i t egrading and support act iv i t i e s are the same as in
sect ions 4 .2 . 1 . 1 , 4 .4 . 1 . 1 , 4 . 4 . 1 . 2 a n d 4 . 2 . 1 . 7respectively. Descr ipt ions of act ions to be taken dur ingeach of the remaining act iv i t i es are presented in tiefo l lowing paragraphs.
Figure 4-1 shows a plan view, sect ion and l i ner and capde ta i l s .
4 . 5 . 1 . 1 DEVELOPING ON-S ITE LANDFILL AREA

About 46 acres in the northwest corner of the
Johns-Manv i l l e plant property would becleared and grubbed of all shrubs and
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trees. The tree cutt ings and stumps would be
transported off-s i te for disposal . Low areaswould be filled with clean soil and the sitegraded and compacted as a part of subbasepreparation for an above ground landf i l l .

4 . 5 . 1 . 2 INSTALLING MULTI-LAYER LINER
A dual l iner system, would be used to
min im ize off-s i te contaminant m igra t i on andto provide a degree of long-term isolat ionsimilar to that avai lable from commercial
landfi l ls . The use of dual l iner systemwould be warranted due to the presence ofpermeable surficial soi ls over a shal lowaquifer at this site.
The l iner would cons ist of dual syntheticmembranes, each 30 mi l s th ick PVC,sandwiching a leachate detection system. Theleachate detect ion system would be
constructed by plac ing perforated four-inch-
diameter polyvinyl chloride (PVC) pipes at20-foot intervals within a 12-inch blanket ofsand and gravel. The sand would be takenfrom the landfil l construction site and
blended in proper proportions with gravel toachieve a permeability of 1 x 10" z

centimeters per second. . The leachatedetection system would dra in to leachatedetection manho le s .
4 . 5 . 1 . 3 COLLECTION AND TREATMENT OF LEACHATE AND

RUNOFF
Perforated four-inch-diameter PVC pipes at20-foot intervals would be placed atop theupper synthetic l iner to collect any leachategenerated. These pipes would be placedwithin contaminated sandy soi ls removed from
the disposa l area. The contaminated soi l issufficiently permeable that a sand and gravellayer would not be needed for leachatecol lect ion.
The leachate col lect ion system would dra in to
separate leachate -emovai manholes . Fi lterfabric would be placed atop the leachatecollection blanket .
Surface runoff from the landfill would becol lected by properly s lop ing all surfaces to
peripheral d i t ches . These ditches wouldd i scharge the co l l ec ted runoff to the process
water treatment and recycl ing ba s i n s .
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The co l l ected leachate would be ana lyzed for
asbestos , lead and other contaminants andtreated for disposal in the treatment bas in s
or off-s ite, as appropriate .

4 . 5 . 1 . 4 PLACING MULTI-LAYERED CAP FOR CLOSURE
When the contaminated waste mater ia l s/so i lplacement reached the des igned level , a layerof contaminated or c lean soi l would be placed
over the waste mater ia ls and graded to ob ta i na relatively smooth surface. A 30 mi l s th ickPVC membrane would be placed over the
smoothed surface. This membrane would be
covered with one-foot layer of sand free ofsharp objects (taken from the Manv i l l eproperty or an off-s i te locat ion) to serve as
the inf i l t rat ion flow zone. A 12" thickblanket of top soil would be placed over the
flow zone and fert i l ized and seeded with
quick growing grasses us ing hydromulch.

4 . 5 . 1 . 5 MONITORING AND REPORTING OF SURFACE WATER AND
GROUNDWATER QUALITY
Groundwater and surface water would besampled u s i ng newly instal led mon i tor ingwel ls around the on-s i te landf i l l and the
monitor ing we l l s and surface water samp l i ng
locat ions such as out l ined in Sect ion4 . 1 . 1 . 1 . The later moni tor ing locat ions
would be added because of the cont inued use
of the c lay- l ined process water treatmentbas in s . Samples would be co l l ec ted annua l ly
and analyzed for lead and other organ ic and
inorganic water qual ity parameters . The
durat ion of mon i tor i ng and report ing of the
results to USEPA would be of the-order of 30
years un le s s i nd i ca t ed otherwise by pro longedmoni tor ing .



5.0 ANALYSIS OF REMEDIAL ACTION ALTERNATIVES
This chapter provides a detai led analysis of the remedial act ionalternat ives. Each alternative has been evaluated for technical
feasibi l i ty, inst i tut ional requirements, publ ic health and
environmental impacts, capital costs and operation and maintenancecosts. It must be noted that the primary object ive of a remedialaction alternative at this site is to secure the contaminant source or'm i t i g a t e potential direct contact and a irborne d i spers ion exposure
pathways.
Analysis of alternat ives is presented in detai l in the fol lowingsections.
5.1 TECHNICAL FEASIBILITY

Technical feasibi l ity of an alternative involves its eva luat ion
based on the fol lowing factors:

Performance
Rel iab i l i ty
Implementabil ity
Safety (during implementation)

Evaluat ion of different alternatives based on each of these
factors is presented in the following paragraphs
5. 1 . 1 PERFORMANCE

Performance of an alternative is a measure of itseffect iveness and the length of time for which this levelof effectiveness can be maintained.
Effect iveness of an alternat ive can be measured in terms
of the level of cleanup it provides re lat ive to therelevant and appl icable contaminant removal standards andgu ide l ines , or how well it achieves the ob j e c t i v e s of the
remedial act ion.
Four evaluat ion factors were used to assess re la t ive
performance of alternatives. These are:

Proven technology
Degree of groundwater protect ion
El iminat ion of direct contact and airborne
d i sper s ion pathways
Useful l ife (t ime for which level of c leanup can
be mainta ined)
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No act ion alternat ive obviously does not provide any
level of contaminant removal or protection from directcontact with the contaminants and exposure to theairborne asbestos fibers. Simi lar ly off-site landfi l l ingalternat ive provides the best level of site cleanupbecause the contaminants are removed from the site forever. However, groundwater contamination 1s not expectedbecause the contaminants at this s ite are not in areadily Teachab le form. The on-site landfi l l ingalternat ive 1s considered not as effective as the off-s ite landf i l l ing alternative because of the potentialfailure of the multi-layer liner in the long-range.However, the on-site landfil l ing alternative isconsidered more effective than the grading and seedingand soil covering with vegetation alternatives because ofits added benefit in terms of groundwater protection.Grading and seeding alternative is expected to minimizepotential direct contact and exposure to airborneasbestos but does not meet the NESHAP regulat ions of 6"soil cover with vegetation and does not providegroundwater protection. It also has relat ively loweruseful life.
Soil cover ing with vegetation alternat ive or its
variat ion is expected to el iminate potential directcontact and exposure to airborne asbestos, and thusachieve the primary abjective of the remedial action. Italso provides some groundwater protection.
Technologies involved in the off-site and on-sitelandf i l l ing and soil covering with vegetation
alternatives are considered relatively proven and readilyava i lab le technologies based on the current knowledge andstandards. Cons ider ing the long-term performance ofthese technologies in meeting the objectives of theremedial action at this s i te , the remedial act ionalternat ives are rated in the fol lowing decreas ingpreference order:

Off-site landfill ing
On-s i t e landf i l l ing
Soi l cover ing with vegetat ion
Grad i n g and seeding
No action



5 . 1 . 2 RELIABILITY
Rel iab i l i ty of an alternative depends upon the fol lowingfactors:

Operation and maintenance requirement
Risk of failure or demonstrated performance

Operation and maintenance requirements are the least forthe no action alternative. Operat ion and maintenance
requirements of off-site landfill ing alternat ive are
second best of all the alternatives as the operation andmaintenance of the off-site landfill is not Manv i l l eresponsibil ity.However, Manvil le would continue to beresponsible for operating and maintaining the processwater treatment system and monitor ing of surface waterand groundwater quality in the vic in ity of the s ite. Allmanufacturing waste materials and dewatered sludge fromprocess water treatment would be removed for off-s itedisposal through licensed waste haulers. Operation andmaintenance requirements of the on-site landfi l l ingalternative are expected to be more than that of gradingand seeding and soil covering with vegetationalternatives. This is due to operating and maintenanceactivities and monitoring of groundwater at two locations(on-site landfill and process water treatment basins) aswell as required dewatering and disposal of process watersludge and treatment of leachate.
Ri sk of failure 1s the least for the off-s ite landfi l l ingalternative as the wastes are removed from the site. On-site landfi l l ing alternative provides the second best
alternative from the demonstrated performance point ofview. This would be due to securing of the contaminatedwaste materials in the on-s ite landfi l l by us ing mult i-layer liner and cap. No action alternat ive obvious ly isthe least desirable as it does not provide any mitigationof the potential direct contact and airborne d i spers ionpathways. Soil cover ing with vegetation alternat ive orIts variation is estimated to have less risk of fai lurethan grading and seeding because of the added compactedsoil cover provided over the contaminated wastematerials .

5 . 1 . 3 IMPLEMENTABILITY
ImplementabiHty of an alternative is the re lat ive ease
of its installation and the time it requires to achieve
the des ired level of remedial response. It depends uponthe fol lowing factors:

Constructabi l i ty
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Time required to implement and ach ieve benef ic ia l
results

Off-s i t e landfills as well as material and equipment
needed to implement soil covering with vegetat ion,
grading and seeding, off-site landfi l l ing and on-s ite
landfi l l ing alternatives are ava i lab le . However, the on-site landfil l construction would require zoningc learances and appl i cab le local, State and federalpermits. Reconstruction of process water treatmentsystem would require concurrent removal of wastematerials and construction and operation of process watertreatment bas ins . Because of these cons iderat ions , thegrading and seeding or soil covering with vegetationalternatives are considered to be more favorable (fromthe constructabi l1ty point of view) than the on-s i te oroff-site landf i l l ing alternat ives .
Time required to implement and achieve beneficial resultsincludes time required for des ign and approvals ,construct ion and start-up time. Benef ic ia l results ofany alternative would be realized as soon as it isconstructed as only source control remedial act ions are
being targeted. No action alternative does not requireany new construction and is not l ikely to show any
beneficial remedial results . Grading and seeding andsoil covering with vegetation alternatives are estimatedto be fully implemented in two construction seasons ( 1987and 1988 ) . Because of the large quant it ies ( 2 . 2 m i l l i o n
cubic yards) of waste materials to be removed andreconstruction of process water treatment system, theoff-s i te alternat ive is est imated to be complete lyimplemented in three construction seasons ( 1987 , 1988 and1989 ) . On-s i t e landf i l l i ng alternat ive invo lvesadd i t iona l time for permits, design and approva l , and
construction of the landfi l l , and therefore, is estimatedto be implemented in four construct ion seasons ( 1 9 8 7 ,
1988, 1989 and 1990) .

5 . 1 . 4 SAFETY
This evaluat ion involves short-term and long-term threats
to the safety of human populat ion and env ironment dur ingimp lementat ion of an a l ternat ive . Because of the inert
and noncombus t i b l e nature of the waste ma t e r i a l s , the
f ire and exp lo s i on r i sks at th is s i te are m i n ima l .
However , exposure to a irborne asbes tos f ibers re su l t i ng
from on-s i t e construct ion act iv i t i e s is a potent ia l r i s kat this site.
Because of the longer implementat ion t ime and hand l i n g of
large volumes of asbestos contaminated waste mater ia l s ,
the on- s i t e and off-site l a nd f i l l i n g a l ternat ives have
greater potent ia l for exposure of publ ic and w i l d l i f e to
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lead, airborne asbestos, dust and noise than other
a lternat ives . However, as compared to the off-s i t elandfill ing alternative, the transportation distance in
the on-s i te landf i l l ing a l ternat ive is greatly reduced,thereby decreasing risks associated with material
transportation accidents . Grad ing and seeding and soi lcovering with vegetation alternatives also have potential
for exposure of publ i c and wi ld l i fe to lead, a irborneasbestos, dust and no i se . However, because of reducedtime of implementation and reduced level of mater ia lhand l i ng , the potent ia l r isk is s ign if icant ly less thanoff-s ite or on-site landf i l l ing alternatives. A properlymanaged and executed waste handl ing , removal and hau l ing
operat ions would l imit the short-term threats of exposureto lead, airborne asbestos, dust and noise .
In the no action a l ternat ive , the potential of short-term
human and wildl ife exposure to on-site asbestos fibersand lead is the least because of absence of construction
act ivit ies . In the long-term, all alternatives, except
no act ion alternat ive, are expected to e l iminate orreduce potential threat of human and wildl ife exposure to
lead and on-s i te airborne asbestos fibers. However, the
grading and seeding alternative may not adequatelye l iminate potential threat of exposure to on-s i te
airborne asbestos (because of lack of compacted soilcover) as compared to the soil cover ing with vegetat ionalternat ive or its variat ions .
Implementat ion of any of the alternat ives is not expected
to result in long-term threats to the safety of worker s ,
nearby communit ies and environments .

5 . 1 . 5 SUMMARY OF TECHNICAL FEASIB IL ITY ANALYSIS
Table 5-1 summarizes , in matrix format, the re lat ive
des irabi l i ty of alternatives in responding to the primary
technical concerns at th is site us ing a numer ica ldesignator for the least favorable to most favorableresponse alternat ive . Scores of 0 and 4 in the tablesrepresent the extremes for the a l ternat ives ; 0 is the
least favorable and 4 is most favorable . Intermediatevalues between 0 and 4 are used to rate an a l t e-nat ive incomparison to the other a l ternat ives for re latedeva luat ion factors. Intermediate va l ue s are s ub j e c t i v e ,based on exper ience and eng ineer ing judgment. The bas i s
for the scor ing app l i ed in Tab l e 5-1 is descr ibed in
Sections 5 . 1 . 1 through 5 . 1 . 4 .
Based on the scores presented in Table 5-1 , the
des i rab i l i ty of the a l ternat ives accord ing to theirtechnical feasibil ity, in the decreasing order, is asfo l lows :

Soi l cover ing with vegetat ion or i ts va r i a t i o n



TABLE 5- 1

EVALUATION
FACTOR

Performance

Re l i ab i l i t y

Implemen-
tabi l i ty

RELATIVE DES IRAB IL ITY OF ALTERNATIVES
FOR CONTROL OF WASTE S O U R C E S ^ 1 '

(TECHNICAL FEASIB IL ITY)
ALTERNATIVE SCORE^)

NO GRADING & SOIL COVERING * OFF-S ITE
CRITER IA ACTION SEEDING WITH VEGETATION LANDFILL ING
Proven
Technology 0 2
Degree of GroundWater Protect ion
Provided 0 1
El iminat ion of
Direct Contact and
Airborne Di sper s ion
Pathways 0 2
Useful Life 0 2
Operat ion and Mainte-
nance requirements 4 2
Ri s k of Fai lure 0 1

Construc tab i l i ty 4 3

Time Required to
Implement 4 3
Time Required toach ieve benef ic ia l
results 0 4
Workers 4 3

3 4

2 4

3 4
3 4

2 3
2 4

3 1

3 1

4 3
3 0

ON -S I TE ^ 3 )
LANDF ILL IHG

3

3

^

3

0
3

0

0
N

2
1

Neighbor i ng Fac i l i t i e s
& Communit ies 4

Safety

TOTAL SCORE
(1) Sources def ined as waste mater ia l s con ta i n i ng asbestos and lead (ent i re waste mate r i a l s i

s ludges )(2) Legend ( re la t ive s co r e s ) :
4 -Most Favorab le
3 - Favorable
2 - Intermediate
1 - Unfavo rab l e0 - Abor t i v e

(3) Assumes on- s i t e l and f i l l concurrent ly deve loped to hand le contaminated s o i l s .
* Re l a t i v e scores for its v a r i a t i o n s are same as for the primary a l t e rna t i v e
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Off-s i t e l a nd f i l 1 i ng
Grading and seeding
No action
On-s1 te landf i l l ing

5.2 INSTITUTIONAL REQUIREMENTS
This section includes evaluation of how well differentalternatives comply with appl i cab le or relevant loca l , state andfederal environmental and public health standards, guidance oradvisories . A discuss ion of the re levant regulat ions and leve ls
of compliance achieved by different alternat ives is presented inthe following paragraphs
5 .2 . 1 OVERVIEW OF INSTITUTIONAL REQUIREMENTS

The waste mater ia ls/soi l at th is site contain non-leachable lead and asbestos and are not c lass i f ied ashazardous wastes. These wastes are c las s i f i ed as spec ia lwastes by different governmental agencies as specialrequirements exist perta in ing to their handl ing anddisposal . Johns-Manvi l le Waukegan disposal area is a
designated Superfund Si te for remedial response to
potential airborne asbestos emis s ions . In view of thesefacts, the following regulations are consideredappl icable or relevant.
1 ) CERCLA establ i shed NCP for Remedial Act ion (40 CFR

300)
2) USEPA Groundwater Protect ion Strategy (GWPS ) and

recommendation under Safe Dr ink i ng Water Act
(SDWA)

3) Resource Conservation and Recovery Act (RCRA)
requirements for faci l i ty s i t ing and generaloperation of disposal sites (40 CFR Part 257 )

4) National Emiss ions Standards for Hazardous AirPollutants (NESHAP) under Clean Air Act (40 CFR 61Subpart M)
5) OSHA regulat ions for the protect ion of workers for

handl ing asbes tos-conta in i ng mater ia l s (29 CFR
Part 19 10)

Local and State governments have requirements that arecompat ib le with those above for specific s i te
cond i t ions . Local community input would also be requiredprior to select ing an al ternat ive for implementat ion .
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5 . 2 . 1 . 1 CERCLA (NCP ) COMPL IANCE
According to NCP (40 CFR 300) a remedial
response a l ternat ive must mi t igate releases
or threat of releases of contaminants whichmay present an imminent and substantialdanger to publ ic health and welfare. Theremedial response object ive at this s i te isto mit igate potential direct contact with thecontaminants and exposure to airborneasbestos f ibers . . The no action a l ternat ivedoes not meet this object ive. Grad ing andseeding Is expected to reduce airborne
asbestos emissions and direct contact withcontaminants . However, soil covering withvegetation alternative or its var iat ion would
provide more effective remedial responsebecause of the added cover of compacted c lean
so i l s . In comparison to grading and seed ing
and soil covering with vegetation alter-natives, the off-site and on-site landfil l ingalternatives would provide added protect ionto groundwater from the poss ib le releases oflead.

5 . 2 . 1 . 2 USEPA GROUNDWATER PROTECTION STRATEGY
(GWPS ) COMPLIANCE
According to the USEPA guidel ines under GWPS,
the groundwater at th is s i te is a Cla s s 2groundwater. A Cla s s 2 groundwater is a
current or potential source of Dr ink ingWater . The goal of CERCLA c leanups is a
dr ink ing water quality for all C la s s 2
groundwater sources.
Proposed RMCL for asbestos in d r i n k i ng water
i s 7.1 m i l l i o n f ibers per l i ter . However,
asbestos fibers greater than 5 microns inlength were not detected in groundwater. Thegroundwater qual i ty at th is s i te is of
Dr in k i n g Water Qua l i t y and does not needadded protect ion . Therefore, al l
a l ternat ives comply with GWPS . However,because of the use of impermeable l iners ,l andf i l l i ng a l t e rna t ive * should be preferab le
over the grading and seeding, soi l cover ingwith vegetat ion and no act ion a l t e rna t i v e s .

5 . 2 . 1 . 3 RCRA COMPLIANCE
RCRA has spec if i c requirements (40 CFR Part257 ) for s i t i ng and operat ing so l i d waste
d i sposa l fac i l i t i e s to m i n im i z e adverse
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effects of d i sposa l fac i l i t i e s on hea l th or
the environment (wh i ch inc ludes surface water
and groundwater) . In add i t i on , other
sections of RCRA have been cons idered andwhere appropriate incorporated . in the
alternat ives . All alternat ives comply with
the app l i cab l e requirements . However,
because of the use of impermeable l iners theon-site and off-s i te landf i l l i ng a l ternat ivesshould be preferable over the other
a l ternat ives .

5 . 2 . 1 . 4 NESHAP COMPLIANCE
NESHAP requirements for control l ing asbestos
emiss ions from the s ite are be ing met for theoperat ion of the waste d i sposa l p i t s .
However, the c losure requirements of 6"compacted non-asbes tos-conta in ing
mater ia l/so i l cover with vegetat ion wi l l not
be fulf i l led by the no act ion and grad ing andseeding alternat ives . All remain ing
alternatives comply with NESHAP requirements.

5 . 2 . 1 . 5 OSHA COMPLIANCE
OSHA regulat ions are estab l i shed to protectworkers hand l ing asbestos-conta in ing
mater ia l s . All alternatives should complywith th i s . However, the off-s i te and on-s i te
l andf i l l i ng alternat ives would require
greater period of personal air mon i tor i ngbecause of larger quant i t i es of mater ia lhand l ing involved.

5 . 2 . 1 . 6 COMMUNITY REQUIREMENTS COMPL IANCE
Level of community interest in th i s projectto date has been minimal. Some concernsexpressed have been about the potent ia lexposure to airborne asbestos em i s s i on s fromthe disposal area. Therefore, the no act ionalternat ive may not be the most d e s i r a b l efrom the perception of community re s i den t s .
Because of the increased short-term potent ia l
of exposure to asbestos fibers of the on- s i t e
and the off-s ite landf i l l i ng a l t ernat ives ,the community residents may prefer soi lcovering with vegetation alternative or itsvar iat ion over other alternat ives .
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5 . 2 . 1 . 7 SUMMARY OF INST ITUT IONAL REQU IREMENTS
ANALYSIS
Table 5-2 summarizes, in matrix format, the
re lat ive des i rab i l i ty of a l ternat ives inresponding to the relevant inst i tut iona l
requirement us ing a numerical designator for
the least favorable to most favorableresponse a l ternat ive . Scores of 0 and 4 inthe tables represent the extremes for the
alternatives; 0 is the least favorable and 4is most favorable. Intermediate valuesbetween 0 and 4 are used to rate an
alternat ive in comparison to the other
alternatives for related evaluation factors.
Intermediate values are sub ject ive , based onexperience and eng ineer ing judgment. The
basis for the scoring appl ied in Table 5-2 isdescribed in Sections 5 .2 . 1 . 1 through
5 .2 . 1 . 6 .
Based on the scores presented in Table 5-2,the des i rab i l i ty of the a l ternat ivesaccord ing to their compl iance with
institutional requirements, in the decreas ingorder, is as fol lows:

Soil cover ing with vege ta t ion or itsvariat ion
On-s i t e landf i l l ing
Off-s i te landf i l l ing
Grad i ng and seed ing
No act ion

5 .3 PUBL IC HEALTH REQUIREMENTS
This section includes evaluation of different alternat ives withrespect to their effect iveness in mi t igat ing threats from
contaminants to human health and environment both dur i ng andafter the implementation of the remedial a lternat ives . A
detai led discuss ion of the contaminants , routes of migrat ion,
exposure as se s sment and r i s k as s e s sment i s presented in theFina l Remed ia l Inves t igat ion Report . A summary of the level of
endangerment to human health and environment posed by potentialor actual release of hazardous substances from the s ite ispresented in Sect ion 2 . 2 . 6 . An eva lua t i on of the effec t ivenes sof d ifferent a l t e rna t i ve s in a ch i ev i ng the re levant
environmental standards or mit igat ing assessed endangerment is
presented in the fo l lowing paragraphs.
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TABLE 5-2
RELAT IVE DES IRAB IL ITY OF ALTERNATIVES

FOR CONTROL OF WASTE SOURCES (1 )
(COMPLIANCE WITH INSTITUTIONAL REQUIREMENTS)

EVALUATION NO
FACTOR ACTION

CERCLA Compl iance
EPA GWPS Compl iance
RCRA Compl iance
NESUAP Compliance
OSHA Compl iance

0
0
0
0
4

ALTERNATIVE SCORE (2 )
GRADING & SOIL COVERING * OFF-SITE

SEED ING WITH VEGETATION LANDFILL ING
2
2
2
1
3

3
3
3
4
3

4
4
4
4
0

ON -S I TE (3 )
LANDF I L L ING

4
4
4
4
0

COMMUNITY REQUIREMENTS
Compliance 0

TOTAL SCORE 13 20 16 17

(1) Sources defined as waste materials contain ing asbestos and lead (ent ire wastematerials * sludges)(2) Legend (relative scores):4 - Most Favorable3 - Favorable2 - Intermediate1 - Unfavorable0 - Abortive
(3) Assumes on-s i te landfi l l concurrently developed to handle contaminated so i l s .* Relat ive scores for its variations are same as for the primary alternative
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5 . 2 . 1 OVERV I EW OF RELEVANT ENVIRONMENTAL STANDARDS
The fo l lowing standards are cons idered re l evant for theevaluat ion of remedial a l ternat ives at th i s s i t e .
Lead:
Safe Dr ink i ng Water Act, Maximum Contaminant Level
(MCL) - 0 .05 mg/1
Clean Air Act , Nat iona l Ambient Air Qua l i t y Standard
(NAAQS) * 1 .5 ug/m3

Clean Water Act, Water Qua l i ty Cr i t e r i a for Human Hea l th ,Fish and Dr ink ing Water » 50 ug/1
Clean Water Act, Water Qual ity Cri ter ia for Human Heal th ,adjusted for dr ink ing water only * 50 ug/1
(Derived from EPA Water Qual i ty Criter ia 45 FR 79318-
79379 November 28, 1980)
Asbes tos ;
Proposed RMCL of 7.1 m i l l i on fibers per l iter (for mediumand long fibers i .e . greater than 10 microns in length)
by USEPA is the only relevant standard or gu ide l ine for
drinking water.
Only relevant asbestos in ambient a ir standard is NESHAP
"no v i s ib l e emiss ions" standard.
Lead level in the air or grcundwater samples was always
less than the standard prescr ibed to protect publ ichea l th , based on RI samp l i ng . No v i s ib l e emi s s ions of
asbestos from the s i te have been observed dur ing RIwork . No asbestos fibers longer than 5 microns weredetected in the groundwater and observed values for
surface water were well wi th in the proposed RMCL.

5 . 3 . 2 PUBL IC HEALTH EVALUATION
All re levant air and groundwater standards appear to be
met at th is s i te based on RI sampl ing . However,
potent ia l threat to human health ex i s t s from d i rec tcontact with the waste mater ia l s or through exposure to
potent ia l a i rborne asbes tos em i s s i on s . Under no ac t i ona l ternat ive , the potent ia l of exposure of Manv i l l e
employees, work ing on the sUe , to lead and a i rborne
asbes tos f ibers would rema in .
Under g rad i ng and s eed i ng a l t e rna t i v e , the potent ia l for
on- s i t e a irborne asbestos em i s s i on s and direct contact
with l ead-con ta i n i ng waste mater ia l s wi l l decrease but
may not be e l im i na t e d . Al so , adverse short-term impact
may occur due to increased level of a irborne asbes tos
em i s s i o n s dur ing construct ion ac t iv i t i e s . Each of the
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soi l cover ing with vegetat ion, on-s i te and off- s i t e
landfi l l ing alternat ives provides adequate protect ion tohuman health after the implementation of the
alternat ive . However, in the short-term the off-s i telandfi l l ing is estimated to provide greater threat to
publ ic health due to increased material handl ing andtransportation involved. Short-term potential of humanexposure to lead and airborne asbestos emiss ions isestimated to be less for the soil covering withvegetat ion alternat ive or its var iat ion than for the on-
site or off-s ite landfi l l ing. Each of these threeal ternat ives will assure compl iance with the
environmental standards in the long-term.

5 . 3 . 3 SUMMARY OF PUBLIC HEALTH ANALYSIS
Table 5-3 summarizes, in matrix format, the re lat ive
desirabi l ity of alternatives in responding to the
re levant publ ic health requirements us ing a numericaldes ignator for the least favorable to most favorable
response a l ternat ive . Scores of 0 and 4 in the tablesrepresent the extremes for the alternat ives; 0 is theleast favorable and 4 is most favorable. Intermediatevalues between 0 and 4 are used to rate an alternative incomparison to the other alternatives for related
evaluat ion factors. Intermediate values are subject ive,based on experience and engineering judgment. The basis
for the scor ing app l i ed in Table 5-3 is described inSection 5 . 3 . 2 .
Based on the scores presented in Table 5 -3 , the
des irabi l i ty of the alternat ives according to theircompl iance with Publ i c Hea l th requirements , in thedecreasing order, is as follows:

Soil covering with vegetation or its variat ion
Grad ing and seeding
Off-site landfi l l ing
On-s i te landfi l l ing
No act ion

5- 13



TABLE 5-3
RELATIVE DESIRABILITY OF ALTERNATES

FOR CONTROL OF WASTE SOURCES (1)
(COMPLIANCE WITH PUBLIC HEALTH REQUIREMENTS)

EVALUATION
FACTOR

Compl l ance with Air
Requirements

During Implementation
Lead
Asbestos

After Cleanup
Lead
Asbestos

Compl iance with Water
Qua l i t y Requirements

During Implementation
Lead
Asbestos

After Cleanup
Lead
Asbestos

NO
ACTION

4
4

0
0

4
4

0
0

ALTERNATIVE SCORE(2)
GRADING & SOIL COVERING

SEEDING WITH VEGETATION
OFF-SITE

LANDFILLING

2
2

4
4

2
2

2
2

0
0

4
4

1
1

4
4

ON-SITE (3 )
LANDFILLIN '

1
1

4
4

0
0

3
3

TOTAL SCORE 16 18 20 18 16

(1) Sources defined as waste materials containing asbestos and lead (entire waste materials
and sludges)

(2) Legend ( re la t ive s core s ) :4 - Most Favorab l e
3 - Favorab le
2 - Intermediate
1 - Unfavorable
0 - Abort ive(3) Assumes on s i t e l andf i l l concurrent ly deve loped to hand l e contamina ted s o i l s .
* Re la t ive scores for its var ia t ions are same as for the primary a l t e rna t ive
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5.4 ENVIRONMENTAL IMPACTS
This section includes environmenta l assessment of proposed
remedial alternat ives. The environmental assessment d i scussesthe adverse environmental impacts of the site problems, path-
ways of contaminat ion and an evaluat ion of the relat ive
effectiveness of the proposed a l ternat ives in ach iev ing adequateprotection and improvement of the environment.
5 .4 . 1 OVERVIEW OF ENVIRONMENTAL ASSESSMENT

Lead and asbestos-containing waste mater ia l s/so i l at th issite appear to have not degraded the quality of air,surface water and groundwater in the vic in ity of the s iteso as to violate their respective environmentalstandards. There has been no documented adverse impact
on the human and wi ld l i fe populat ion or res ident ia l ,
commercial and recreational act iv i t ies in the vic in i ty ofthe site. Some of the on-site air samples containedasbestos fibers at levels somewhat higher than thoseobserved at the off-site locat ions . There has been no
documented discharge of pollutants to surface and/orgroundwater from the disposal area. In fact, there hasbeen significant reduction in the process water flows andquantity of asbestos-containing waste materialstreated/disposed at this s ite. Future disposal ofasbestos-containing waste materials is expected todiminish to Ins ignif icant levels and cease by 1989.
There are no known environmentally sensitive resources or
areas such as wet lands , prime and unique agr icu l tura llands , aquifer recharge zones , archealogical and
historical sites and endangered and threatened spec ies ,in the vic in i ty of the s i te .

5 .4 . 2 EVALUATION OF ALTERNATIVE RESPONSES
The environmental affects of alternatives have beendiv ided into the fol lowing two categor ies :

Beneficial effects
Adverse effects

A d i scuss ion of primary (d i r e c t ) and secondary ( i n d i r e c t )
effects of proposed a l ternat ives under these two
categories are presented in the fol lowing paragraphs.
5 . 4 . 2 . 1 BENEFICIAL EFFECTS

Three eva luat ion factors were cons idered to
evaluate beneficial effects ofa l t ernat ive s . These are as fo l lows :
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Changes in the re lease of con tam inan t s
and final environmental cond i t i on sImprovements in the bio logica lenvironment
Improvements in resources people use.

Under no action alternative, there will be nochange in the environmental conditions on thes ite, biological environment and resources.In the short-term, there wi l l be cons iderab lesavings in the commitment of energy and otherirreversible resources. Grading and seedingwill diminish the potential for on-siteairborne asbestos emissions and directcontact with waste materials/soi l containinglead and asbestos. There will be an
improvement in the site air quality after theimplementation of this a l ternat ive . A
limited amount of improvements in thebiological environment and resources in thevicinity of the site are estimated from theimplementation of grading and seeding or soilcovering with vegetation alternatives.
Improved vegetation and shrubbery is likelyto increase productivity of wildlife
harboring in the area, as well as improveaesthetics of the site for Manv i l l e employeesworking on the s i te and publ ic us ing LakeMich igan beach.
Soil covering with vegetation or its
variat ion will el iminate potential directcontact and airborne asbestos exposurepathways and also provide some groundwaterprotect ion. On-s i t e and off-s i te landf i l l ing
alternat ives wi l l e l iminate potent ia l directcontact and airborne asbestos exposurepathways as well as provide protect ion togroundwater and surface water from potentialcontamination by leached lead, if any is ever
present. Also more land wi l l be ava i lab lealong the Lake Michigan Shore because of theremoval of deposited waste mater i a l s in the
on-s i te or off-s ite landf i l l a l ternat ive .

5 . 4 . 2 . 2 ADVERSE EFFECTS
Two evaluat ion factors were considered for
adverse effects of a l ternat ives . These areas fol lows:

Effects of remedial cons truc t ion and
operat ions on sens i t ive env ironmenta l
areas and resources people use



Effect iveness of mi t igat ing measures
employed dur ing construct ion andoperat ion to m in im ize adverse
environmental impacts.

Because of the longest implementation time of
on-site landfi l l ing alternat ive, there wouldbe longer exposure of publ ic and wi ld l i fe to
lead, airborne asbestos, dust and no i se . Aproperly designed and implemented program
involving wetting of waste materials ,personal monitoring, use of warn ing s igns and
protective health and safety equipment during
construction would be required to min imizethe short-term adverse public healthimpacts. As compared to off-sitelandfi l l ing, the land use would be restrictedIn the on-site landfil l area because of theIrreversible commitment of land. The use ofthis land may also adversely impact theproductivity of the wildlife in the area.On-site landfi l l ing alternat ive also requiresIrreversible commitment of large amounts ofenergy and other resources. The m i t i ga t i ngmeasures employed during waste hand l ing and
construction of activities should minimizepotential exposure to airborne asbestosemiss ions during Implementation of differentalternatives.
The short-term and long-term adverse
environmental impacts of off-site landfi l l ingalternat ive would be s imi lar to that of on-site landfi l l ing except that the off-s i te
landf i l l i ng alternat ive wil l invo lve somewhatshorter period of construction generatedpollution ( e . g . noise , dust) and greater r isk
of transportation acc idents . A properlymanaged and executed waste removal andhaul ing operat ions would l imit short-termadverse impacts to acceptable levels asdiscussed earl ier .
In the short-term, grading and seed ing as
well as soil cover ing with vegetat ionalternatives may increase level of airborne
asbestos fibers in the vic in i ty of theconstruction area. This nay have adverse
Impact on workers on a temporary bas i s . Theadverse impact however, will be much less
than that from on-s ite and off-s itel andf i l l i ng alternat ives because of reduced
mater ia l hand l i ng invo lved . In the long-
term, no act ion and grading and seed ing
al ternat ives would provide l im i ted protect ion



to groundwater. Soi l cover ing w i th
vegetat ion or i ts va r i a t i o n would prov idegreater groundwater protection due to
reduction in the inf i l trat ion flow.
In the no act ion alternat ive, the potential
of exposure of Manv i l l e employees work ing onthe site and wi ld l i fe harboring in the
vic in ity of the site, to lead and asbestosfibers, wil l remain for a long time.

5 . 4 . 3 SUMMARY OF ENVIRONMENTAL ANALYSIS
Table 5-4 summarizes, in matrix format, the re lat ivedes irabi l i ty of alternat ives with respect to theirenvironmental impacts using a numerical des ignator forthe least favorable to most favorable responsealternat ive . Scores of C and 4 in the tables represent
the extremes for the a l ternat ives ; 0 is the least
favorable and 4 is most favorable . Intermediate valuesbetween 0 and 4 are used to rate an alternat ive incomparison to the other a l ternat ives for relatedevaluation factors. Intermediate values are subject ive ,based on experience and engineering judgment. The bas i sfor the scor ing applied in Table 5-4 is descr ibed inSections 5 . 4 . 2 . 1 a n d 5 . 4 . 2 . 2 .
Based on the scores presented in Table 5-4, thedes irab i l i ty of the a l ternat ives according to their
environmental impacts, in the decreas ing order, is as
fol lows:

Soi l cover ing with vegetat ion or its var ia t ion
Grading and seeding
Off-s i te landf i l l ing
No action
On-s i te landf i l l ing

5 .5 COST ANALYS IS
This sect ion inc ludes est imates of cap i ta l and operat ion and
maintenance (0 & M) costs for remedial ac t ion a l t e rnat ive s . Apresent worth analysis as well as a sens i t iv i ty analysis
( s e n s i t i v i t y of cos t est imates to changes in a s sumpt i on s ) ofthese costs are a l so presented to fac i l i t a t e re lat ive compar i son
of proposed a l ternat ives on the ba s i s of the i r cap i ta l and 0 & Mcosts .
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TABLE 5-4
RELATIVE DES IRAB I L I TY OF ALTERNATIVES

FOR CONTROL OF WASTE SOURCES (1)
(BASED ON ENVIRONMENTAL IMPACTS)

EVALUATION
FACTOR

Benef ic ia l Effects
Final EnvironmentalCondi t ions
Improvements in BiologicalEnvironment
Improvements 1n Human UseResources

ALTERNATIVE SCORE(2)
NO GRADING & SOIL COVERING * OFF-S ITE

ACTION SEEDING WITH VEGETATION LANDFILLJNG ON-S ITE (3 )
LANDF ILL ING

3

0

3

Adverse Effects
Construct ion/Operat ion
Mitigat ing Measures

TOTAL SCORE

4
4

3
3

^^••M

11

3
3
^•^

14

0
0

10

(1) Sources defined as waste materials containing asbestos and lead (ent ire waste mater ia l s
and sludges)(2) Legend (re la t ive scores ) :4 - Most Favorable
3 - Favorable2 - Intermediate
1 - Unfavorab le
0 - Abortive(3) Assumes on s i te landfi l l concurrently developed to handle contaminated so i l s .

* Relative scores for Its variation are same as for the primary alternative

5-19



5 . 5 . 1 COST ING METHODOLOGY
A prel iminary conceptual des ign of an a l ternat ive was
used to est imate the equipment, labor and mater ia lrequirements of each of the tasks required to implement,
operate and mainta in that alternat ive. Major contractorsand vendors in the Waukegan , I l l ino is area were contacted
for unit and lump sum costs , as appropr iate . These costswere further adjusted to reflect s i te condit ions us ingbids on s imi lar recent projects.
This s ite is be ing operated and mainta ined for
treatment/disposal of process water and manufactur ingwaste materia ls by Manv i l l e staff. Therefore, the costsassociated with operation and maintenance of any remedialaction a l ternat ive are the est imated increment in the
present operation and maintenance costs . All 0 & M cost
est imates have been prepared u s i ng this approach.

5 . 5 . 2 CAPITAL COSTS
Estimated capita l costs of the proposed remedial act ion
alternat ives are presented in Appendix A. These costestimates are based on 1986 dol lars . These inc lude
direct (construct ion) costs and indirect (non-
construct ion and overhead) costs . The ind irect costsinc luded are for des ign engineer ing, construction
management and contingencies (for change orders and other
unforeseen c ircumstances) . None of the alternat ivesinvolve phas ing of work. The est imated capita l costsvary from $ 15 ,000 for the no act ion alternat ive to
$ 7 0 , 5 6 5 , 0 0 0 for the o f f - s i t e d i sposa l a l t ernat ive .

5 . 5 . 3 OPERATION AND MAINTENANCE COSTS
Estimated annual 0 S M costs of each of the proposed
remedial act ion a l ternat ives based on 1986 do l lar s , arepresented in Append ix A. These inc lude labor, ma t e r i a l ,
energy and surface water and groundwater mon i t o r i n g cos t sas well as a l lowance for admin i s t ra t ive and cont ingency
expenses . The est imated annual 0 & M costs vary from
$ 3 3 , 0 0 0 for the no act ion a l t ernat ive to $ 3 0 0 , 0 0 0 for the
off- s i t e d i sposa l a l t e rna t ive . A s i gn i f i c an t port ion ofthe latter is due to future off- s i t e d i sposa l of waste
mate r i a l s generated at the p lant .

5 . 5 . 4 CASH FLOW REQU IREMENT
Cash flow requirements over the l ife of each of of the
remedial ac t ion a l t e r na t i v e s i s presented in Append i x A.
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5 . 5 . 5 PRESENT WORTH ANALYSIS
A present worth figure represents the amount of money,
that, if invested in the base year and disbursed asneeded, would be suff ic ient to cover all costs as soc ia t ed
with the' remedial act ion alternat ive over its plannedl ife. Present worth analys is was made using 1986 as the
base year and a discount rate of 10% and the planned l ife(period of performance) of 30 years. Present worthanalysis for each of the proposed remedial actionalternat ives is presented ''n Append ix A. The present
worth varies from $326 ,090 for the no act ion a l ternat ive
to $73 ,393 , 100 for the off-site disposal a l ternat ive .

5 . 5 . 6 SENSIT IVITY ANALYSIS
A sens i t iv i ty analysis assesses the effect that
var iat ions in specif ic assumpt ions assoc iated with thedes ign, implementation, operation, discount rate, andeffective l ife of an alternat ive can have on theest imated cost of the a l ternat ive . Based on theexaminat ion of the capital and 0 & M costs of proposedalternatives two assumptions were varied for sens i t iv i ty
analysis . An analysis based on a discount rate of 4? andan effect ive l ife of 15 years is presented in Table 5-
5. This analysis shows that the relat ive present worthof the proposed remedial action alternat ives is notsens i t ive to the discount rate and/or effective l ifeassumptions .

5 . 5 . 7 SUMMARY OF COST ANALYSIS
A summary of cost analysis of alternat ives is included inTable 5-5 . The on-s i te and off-site landfi l l ingalternat ives are the two most costly a l ternat ives . 0 X M
costs of alternatives are relatively small compared totheir capital costs except for the no act ionalternative. Present worth cost of soi l cover ing withvegetation alternat ive or its var iat ion is more than thatof grading and seeding alternat ive but s ign i f i cant ly less
than those of off-site and on-s i te disposal a l t e rnat ive s .
Table 5-6 summarizes, in matrix format, the re lat ive
des i rab i l i ty of a l ternat ives with respect to the i r cost
analys i s us i ng a numerical des ignator for the leastfavorable to most favorable response a l t ernat ive . Scores
of 0 and 4 in the tables represent the extremes for thea l ternat ives ; 0 is the least favorable and 4 is mostfavorable. Intermediate values between 0 and 4 are usedto rate an alternat ive in comparison to the othera l ternat ives for related evaluat ion factors.Intermediate values are subject ive, based on exper ienceand engineer ing judgment. The bas i s for the scor ing
app l i ed in Table 5-6 is the cost analys i s data presented
in Tab le 5-5 and cost certainty judgement.
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TABLE 5-5 PRESENT WORTH ANALYSIS OF ALTERNATIVES
Alternat ive Cost Est imates ($ 1 .000) ________Present Worth ($1 .000)

1. No action
2. Grad ing and Seeding
3. Soi l Cover ingwith vegetation (18" cover)
3a. Soi l Covering

with vegetation (24N cover)
3b. Soil Covering

with vegetation (30" cover)
4. Off-s i te landfi l l ing
5. On-s i te landf i l l ing

Rank ing (Lowest to Highest
Cost Alternative)

(1) Present worth factor for 15 years • 1 1 . 1 1 3 at 41
(2) Present worth factor for 15 years * 7 .593 at 10*(3) Present worth factor for 30 years * 17 .292 at 4t
(4) Present worth factor for 30 years * 9 .427 at 10*

Capital

15
2 .6 15

3.624

4.026

4 . 4 2 7
70,565
38.555

1 .2 .3 .
a .3 b .5 .4

0 ft M

33
54

49

49

49
300

80

1 .3 .3a .3b .
2 .5 .4

15 Year
4* (1)

382
3,2 15

4 . 169

4.571

4,972
73,899
39,444

1 .2 .3 .3a ,
5.4

Life
101 (2)

266
3,025

3.996

4,398

4,799
72.843
39,162

1 .2. 3, 3a,
3b ,5 ,4

30 Year Life
41 (3)

586
3 ,549

4,471

4,873

5,274
75,753
39.938

1 .2 .3 .38,
3b ,5 .4

101 (4)
326

3 , 124

4,086

4,488

4.889
73,393
39.309

1 .2 .3 .3a .3b .5 .4



TABLE 5-6
RELATIVE DES IRABIL ITY OF ALTERNATIVES

FOR CONTROL OF WASTE SOURCES (1)
(BASED ON COST ANALYSIS

EVALUATION
FACTOR

CAPITAL COST
OPERATION AND

MAINTENANCE COST
COST CERTAINTY
TOTAL SCORE

NO
ACTION

4
4

"IF

ALTERNATIVE SCORE (2 )
GRADING & SOIL COVERING

SEEDING WITH VEGETATION
18" 24' 30"

3 3 3
3 3 3
T T T

OFF-S ITE
LANDF I LL ING

0
0
T

ON-S ITE (3 )
LANDF ILL ING

2
1
T

(1) Sources defined as waste materials contain ing asbestos and lead (ent ire waste mater ia l s
and s ludges )(2) Legend (re lat ive scores ) :4 - Most Favorable3 - Favorable2 - Intermediate1 - Unfavorab le0 - Abort ive(3) Assumes on site landfi l l concurrently developed to handle contaminated so i l s .
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Based on the scores presented in Table 5-6 , the
de s i rab i l i t y of the a l t ernat ive s accord ing to the i r costanalys is , in the decreas ing order, is as fo l lows :

No Action
Grading and seeding
Soi l covering with vegetat ion or its var iat ion
On-s i te landfill ing
Off-s ite landf i l l ing
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6.0 SUMMARY OF ALTERNATIVES AND RECOMMENDATIONS
Five alternatives were selected, after in it ia l screen ing of ava i l a b l e
alternatives, for contaminant source control remedial response. Theprimary objective of the remedial action alternat ives a t . t h i s s i te is
to mit igate potential direct contact and airborne asbestos d i sper s i onpathways. Scope of work in each of these alternatives was d i scussed indetai ls in Section 4 .0 . These alternatives were evaluated for
technical feasibi l ity, Institutional requirements, publ ic health andenvironmental impacts, capital and operation and maintenance cos t s .Detai l s of these evaluat ions are presented in Sect ion 5 . 0 . The
following paragraphs present a summary of alternatives and results of
their analysis pointing out their relative advantages anddisadvantages. Also included is the recommended alternat ive a long withthe basis for its selection.
6.1 SUMMARY OF ALTERNATIVES

The fol lowing five alternat ives were selected after screen ing of
avai lab le alternat ives using publ ic health and environmentimpacts and cost screening.
1. No Action

This alternative involves leaving the wastes on thedisposal area in their current state. The groundwaterand surface water would however be monitored b i-annua l ly
to assure that water quality is not degraded in future.

2. Grad ing and Seeding
This alternative involves grading of waste mate r i a l s/so i l
and laying a 3" thick layer of top soi l on all surfacesexcept the roadways and top d ikes . All surfaces coveredwith top soil would be fert i l ized and seeded. Inadd i t ion , a minimum cover of 24" clean soi l on top ofd ikes , 4" to 8" thick gravel on al l-weather d i k eroadways, nominal 12" thick riprap with 4" th ick bedd ingon interior slopes of settl ing bas ins would be provided
where it is feas ible to place r iprap. The groundwaterand surface water would be sampled annual ly and analyzedfor lead and other organic and inorgan ic water qual i ty
parameters . The three act ive waste d i sposa l areas would
cont inue to be used for current and future wasted i sposa l . Writ ten waste hand l i ng procedures would be
provided to the staff work ing at the s i te for asbes tos
d i sposa l pit, the misce l laneous pit , and the s ludgedisposa l pit. However, the asbestos disposal pit wouldbe c losed in 1989. In future, any asbe s to s-con ta i n i ngwaste generated would be d i sposed off-s i te in an approvedfaci l ity.



3. Soi l Cover ing Uith Vegetat ion
This alternat ive and its variat ions involve grad ing of
waste mater ia l s/so i l , covering with 15" to 27" (dependingon the variat ion) compacted non-asbestos-containing soil
and laying a 3" thick layer of top soil on all surfacesexcept the roadways and top of dikes . All surfacescovered with top soil would be fert i l ized and seeded. Inaddit ion, a minimum cover of 24" clean soil on top ofd ikes , 4" to 8" thick gravel on al l-weather dikeroadways, nominal 12" thick riprap with 4" thick bedding
on interior slopes of settl ing bas ins would be providedwhere it is feasible to place riprap. The groundwaterand surface water would be sampled annually and analyzedfor lead and other organic or inorganic water qualityparameters. The three act ive waste disposal areas(s ludge disposal pit, asbestos disposal pit and
misce l laneous d isposa l p i t ) would continue to be used forcurrent and future waste disposal . Written wastehandl ing procedures would be provided to the staffworking at the site for asbestos disposal pit , themisce l laneous disposal pit, and the sludge d isposa lpit . However, the asbestos disposal pit would be c losedin 1989. In future, any asbestos-contain ing wastegenerated would be disposed off-s i te in an approvalfacility.

4. Off-Site Landfill ing
This alternative involves removal and off-site disposal
of the ent ire waste mater ia l s/so i l at this s i te . Thesewould include all materials in the waste pi les, sludgepit and other disposal pits plus all of the mater ia l s inthe d ikes of the process water treatment bas i n s and thewet sludge in these bas ins . These wastes are c lass i f i edas spec ia l wastes but not as hazardous was te s . Ir th i salternative all waste would be excavated , loaded andtransported to permitted landfi l l ing fac i l i t i e s for f inald i spos i t ion . The process water treatment-bas ins would berebuilt and monitor ing of local groundwater and surfacewater would continue to assure that all contributorysources from the s i te had been removed and that thegroundwater and surface water is not degraded in thefuture by the process water treatment ba s i n s . In future,all waste mater ia ls/soi l generated at the Waukegan
fac i l i t i e s would be d i sposed in approved off-s i te
l andf i l l s .

5. On-S i t e Landf i l l ing
This a l ternat ive invo lves removal and d i sposa l of the
ent ire waste mater i a l s/so i l tc an on-s i te landfi l l
des igned and constructed spec if i ca l ly for the d i sposa l of
Johns-Manv i l l e Waukegan waste mater ia l s . These would
i n c l ude a l l ma t e r i a l s in the waste p i l e s , waste d i s po sa l
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pits, settl ing bas in dikes and the wet sludge in the
sett l ing bas ins . A landfil l would be constructed on thenorthwest corner of the Manv i l l e p lant property. Allwastes would be excavated and transported to thislandfi l l for d isposa l , and this portion of .the landf i l l
would be closed. A portion of this landfi l l would bekept act ive for the disposal of all current and future
waste mater ia ls from the Manv i l l e fac i l i t i e s .
The process water treatment bas ins would be rebui l t andmonitor ing of local groundwater and surface water would
continue to assure that all contributory sources from thesite had been removed and that the groundwater andsurface water quality is not degraded in the future bythe process water treatment basins and the on-s itelandfi l l .

6.2 SUMMARY OF ANALYSIS OF ALTERNATIVES
A summary of analysis of each of the five alternatives for
technical feasibi l i ty, institutional requirements, publ i c healthand environmental impacts, capital and 0 & M costs is presentedbelow:
1. No Action

The potential of human and wi ld l ife exposure to on- s i t easbestos fibers and lead would continue to ex i s t . The
s ite would not meet remedial response object ives andrequirements of CERCLA and NESHAP regulat ion for asbes tos
disposal sites. There may also be public oppos it ion to
this a l ternat ive . In the short-term, there would becons iderab le savings in the commitment of naturalresources, energy and money. However, in the long-term
the environment and publ ic health may be adverse lyimpacted.
No action is the least Capita l and 0 & M costsalternative.

2. Grad ing and Seed ing
This a lternat ive is technical ly feas ib le and would be
expected to d im i n i s h the potent ia l for on- s i t e a i rborneasbestos emiss ions and direct contact with waste
mate r i a l s/so i l conta in ing lead. However, i t would prov idepoor groundwater protection and 3" top soil cover would
not meet the NESHAP regulat ion for asbestos d i sposa ls i tes . A l imited potent ial of human and wi ld l i f e
exposure to asbestos fibers and lead may cont inue toex i s t . The s ite may therefore not fully meet the
remedial response object ives and the requirements of
CERCLA. There may also be publ ic oppos i t ion to th i s
a l ternat ive . Adverse short-term impacts on publ ic health
and env ironment may occur due to increased level of



airborne asbestos during constructions act iv i t i e s .
However, these adverse impacts would be less than thosefor on-s1te and off-site landfi l l ing alternatives. Inthe short-term, there would be reduced commitment ofenergy, money and natural resources due to reduced use ofmaterials as opposed to soil covering or otheralternatives. However, in the long-term the environment
and publ ic health may be adversely impacted.
Grading and seeding a l ternat ive has the second lowest
present worth cost of all the a l ternat ives .

3. Soil Covering With Vegetation
This alternative or its variation uses readily ava i l ab l e
and proven technology and is expected to el iminate the
potent ia l for on-s i te airborne asbestos emi s s ions anddirect contact with waste materials/soi l containing leadand asbestos. In addit ion, provis ions of SARA of 1986have been considered and a monitoring program for thesoil cover, to be mutually agreed upon by USEPA andManvi l le , will be developed to attain the new cleanupstandards contained in Section 121 of SARA. This
alternative or its variat ion meets NESHAP requirement forasbestos disposal s i tes as well as the remedial response
objectives of CERCLA. This alternative or its variat ionwould also provide some protection to groundwater frompotential contamination by Teachable lead although lessthan that by on-s1 te or off-site landfi l l ingalternatives. However, the groundwater contamination is
not of primary concern at this s ite because of thepresence of lead in the encapsulated and not readilyTeachab le forms.
Adverse short-term impacts on publ ic health and
environment may occur from this a l ternat ive or itsvar ia t ion due to increased level of a i rborne asbestos inthe vic inity of the construct ion area. However, theseadverse impacts would be less than those of on-s i t e andoff-s i te l a n d f i TT i n g a l ternat ives . An extens ive programof wett ing waste mater ia l s , personal mon i tor ing , use of. warn ing s igns and appropr iate protect ive hea l th and
safety equipment during construct ion would m i n im i z e these
short-term adverse impacts .
In the short-term, there wouTd be reduced commitment of
energy, money and natural resources as opposed to on-s i t eand off-s i te landf i l l ing a l t e rna t ive s . In the long-term,
there would be improvements in the bio logical environmentand resources in the v i c in i ty of the s i t e . .
Th i s a l t e rnat ive or it var i a t i on has re la t ive ly low
capital and 0 & M costs as compared to off-s i t e and on-
s i te landf i l l i ng a l ternat ives .
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4. Off-Site Landfi l l ing
This a l ternat ive uses readily ava i lab l e and proventechnologies but rel ies on the ava i l ab l e landfi l lcapacity in the ex i s t ing landf i l l s 1n the Waukegan
area. The ava i lab le capacity relat ive to the disposalneeds of this s i te is l im i ted . In the long-term, th i s
alternative would provide adequate protection to humanhealth and environment in the vic in i ty of the s i te .
It would also protect groundwater and surface water from
potential contaminat ion by Teachab l e lead, if any is ever
present. Because of the relatively longer implementationtime and greater risks of transportation acc idents ofth i s a l ternat ive , there would be longer exposure of
publ ic and wi ld l i fe to lead, airborne asbestos , dust andnoise as compared to soi l cover ing with vegetation
alternative. In the long-term, this alternat ive wouldmake avai lab le more land along the Lake Mich igan Shore .
This a l ternat ive involves large commitment of energy,money and commercial landfi l l capacity and has thehighest Capital and 0 & M costs of all the a l ternat ives .

5. On-Site Landfill ing
This alternat ive is techn ica l ly feas ib le . Its short-term
and long-term health and environmental impacts would be
s im i lar to that of off-s i te landfi l l ing except that theoff-site landf i l l ing alternat ive involves longer
transportat ion d istances . On- s i t e landfi l l ing has thelongest Implementation time of all the alternatives andhence greater construct ion generated pol lut ion ( e . g . ,noise, dust ) . On-site landf i l l i ng a l ternat ive would
provide adequate contaminant source control i n c l ud i nggroundwater protect ion. This a l ternat ive wou'd invo lvethe use of land near the on-site landfil l location and
may adversely impact the b io log ica l environment in thearea.
This a lternat ive involves re lat ive ly large commitment ofenergy, money and resources and has second highestCapi ta l and 0 & M costs of all the a l t e rnat ive s .

6.3 RECOMMENDED ALTERNATIVE
A summary of costs, public health, environmental, technical and
community response concerns for each of the remedial act ionalternat ives is presented in Table 6-1 . Also included in this
table is the total score of each a l ternat ive obta ined by add inga l t ernat ive ana lys i s scores from Tables 5-1 through Table 5-4and Table 5-6 .
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TABLE 6-1 RLMIDIAL ACTION ALTERNATIVE EVALUATION SUMMARY

Alternat ive

No Action

Griding and
Seeding

Cost 1 $1 .000)
Public Health

Concerns
Envlromental

Concerns
Technical

Concerns
Capital Present

Worth( l)

Community COMDOS It*
Response Score Fro*

Concerns Analysts

326

2 .6 15 3 . 124

a\ien

Soil Covering 3.624 4.086with Veg t a t i o n (2 )

Soil Covering 4.026 4.486with ?4* Cover

Soil Covering 4 .427 4.889
with 30" Cover

Off-Site 70.565 73.393
Landf l l l t ng

lead ft tshestosexposure
Airborne asbestos

Limited exposureto lead andasbestos

Eliminates
exposure to leadand asbestos

El inInatesexposure to leadand asbestos

Eliminatesexposure to leadand asbestos

Eliminatesexposure
Greater short-term
airborne asbestos

Limited protection
for migration togroundwater.

No contamination
documented
Limited Improvementsfor lead migration togroundwater
Improved landscape
Limited Improvementsfor lead migration to
groundwater. improved
landscape and biologicalproductivity of wildlife
Limited improvements
for lead migration to
groundwater, improved,landscape and biologicalproductivity of wildlife
Limited Improvementsfor lead migration togroundwater. imroved.
landscape and biologicalproductivity of wildl ife
Eliminatespotential of lead
Large comittment
of resources

On-Sl te 38.555 39.309 Eliminates exposure
Greater short-term
airborne asbestos

Minimal potential
of lead migration,large commitment
of resources, may
Impact biological
product iv i ty of
wildl ife

(1) Us ing lot discount rate and 30 years effective l ife.
(2) Recommended a l ternat ive for remedial action ( 18* cover soil thickness) .

May not beacceptable

May beacceptable

Acceptable

Acceptable

Acceptable

May not beacceptable

61

76

93

92

LongerImplementa-
Largequantitiesof waste
Longer May not be
Implementa- acceptabletlon time.landfill s it ing
approvals
required

64



Con s i d e r i n g techn ica l feas ib i l i ty , publ ic hea l th and
environmental impacts, fulf i l lment of inst i tut ional requirementsand present worth costs, the soil cover ing with vegetat ion with
18" thick soil cover is the most des i rab le a l ternat ive for th i ss ite . The two variat ions of this a lternat ive although have
public health and environment impacts similar to that of theprimary alternat ive ( 18" soil cover) but require increasedcommitment of energy, monetary and other resources.
This a lternat ive Involves appropriate treatment and d i sposa l
technologies that meet CERCLA and NESHAP requirements. Inadd i t ion , provis ions of SARA have been considered and a
monitoring program for the soil cover, to be mutually agreedupon by USEPA and Manvi l l e , will be developed to atta in the new
cleanup standards contained in Section 121 of SARA.
This alternative Involves shorter implementation time as well aslesser commitment of energy, money and other resources comparedto on-s i te or off-site landfi l l ing alternat ives . No specialstudies or permits or approvals are needed for itsimplementation and no off-site disposal or temporary storage of
contaminated waste is required. This alternative also providessome protection to groundwater from potential contamination ofleachable lead and Includes groundwater monitor ing. However,the groundwater contamination is not of primary concern at thissite because of the presence of lead in its encapsulated and notreadily leachable forms.
It has less adverse public health and environmental impacts
during implementation than on-s1te and off-site landfi l l ingalternat ives and is estimated to benefit the landscape and
wi ld l i f e around the disposal area.
The adverse impacts on public health and environment that may
occur during implementation are due to increased level ofairborne asbestos , dust and noise pollution. However , - the seadverse impacts wil l be mit igated through l im i t i ng access toact ive construction area, wetting the act ive construct ion areaprior to grading and waste handl ing, monitor ing workers forexposure to airborne asbestos and using Level C protection (use
of respirators, coveral ls, gloves, foot and head cover ing)during grading and waste handl ing .
This a l ternat ive has relatively low operation and maintenancerequirements . The current Manv i l l e 0 & M Staff is somewhat
fami l i ar wi th the 0 4 M requirements of soil cover i ng w i th
vegetat ion alternat ive . Groundwater and surface water samp l i ng
and analys i s wi l l be performed by independent consu l tant s . TheManv i l l e staff is capable of ma in ta in i ng vegetat ion (grasses andshrubs) proposed under this alternative.
Soi l cover ing with vegetat ion a l ternat ive us ing a total of 18"
th ick cover is therefore recommended for remedial act ion at th i s
s i t e . It is est imated to have a Capi ta l cost of $ 3 , 6 2 4 , 1 7 0 and
an annual 0 4 M cost of $49 ,000 and is est imated to be
implemented by the end of 1988. A pre l iminary implementat ion
schedule is presented in Table 6-2 .
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TABLE 6-2 PRELIMINARY IMPLEMENTATION SCHEDULE
FOR THE RECOMMENDED ALTERNATIVE

TENTATIVE DATE
January 13, 1987
January, 1987
February, 1987
February, 1987

March, 1987
Apri l , 1987
May, 1987
May, 1987
December, 1988

DESCRIPTION OF TASK
Submit revised feasibi l ity study report
Publ ic notice for comments
Receive public notice comments
Complete plans and spec if i cat ions forrecommended remedial action alternative
Advert i se for bids
Receive bids
Award Contract
Start construct ion
Complete construct ion
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APPENDIX A

ESTIMATED CAPITAL,
OPERATION & MAINTENANCE COSTS,

PRESENT WORTH CALCULATIONS
AND

CASH FLOW REQUIREMENTS
OF

REMEDIAL ACTION ALTERNATIVES



ALTERNAT IVE I : NO ACTION
COST ESTIMATES

1 . Est imated Cap i ta l Cost $ 1 5 , 0 0 0 . 0 0

2. Estimated annual Operat ion and Maintenance Co s t s :
Groundwater and surface water moni tor ing
(twice/year) $28 ,000 .00
Adnrimistrat ive and contingency costs 5 ,000 .00

TOTAL OPERATION & MAINTENANCE COSTS $33 ,000 .00

3. Present Worth Ana ly s i s :
Present worth of capita l cost $ 1 5 ,000 .00
Present worth of Operat ion & Maintenance Cost^ $3 1 1 . 090 .00

TOTAL PRESENT WORTH $326 ,090 .00

* Based on a discount rate of 10? and a performance period of 30 years.
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ALTERNATIVE I I : GRADING AND SEEDING
COST ESTIMATES

1 . Estimated Capi ta l Cos t s :

Item
••î ^BVB

Mobi l i zat ion , set-up, 4 otherfixed costs (1)
Clearing & Grubbing
Excavation & Grad ing

Balance cut & fill
Extra Fill

Roadways Cover Soil
Top Soil (Min . 3" thick)
Gravel RoadwaysHeavy Traffic Roadways(8" gravel over 24" cover)

Light Traffic Roadways(4" gravel over 24" cover)
Dra inage Structures

Northeast Ditch
Southeast Ditch

Slope Protect ion
Sett! ing Bas i n s
Paper Mi l l Effluent andFlex Board EffluentCatch & Mix i ng Bas i n s
Col l e c t i o n Bas i n
East Di t ch (Upstream Face )
East Ditch (Downstream Face)

Units

LS
Acre

CY
CY
CY
CY

LF

LF

LS
LS

SY

SY
SY
LS
LS

Quantity

Job
70

30,330
21 ,000
26,000
28,000

8,400

9,200

Job
Job

5 , 100

6 , 1 0 0
1 ,200

Job
Job

UnitCost
(J)

75,000
500

6.00
6.00
7.00
9.00

20 .00

5 .00

55 ,000
3 1 ,000

1 3 . 0 0

1 3 . 0 0
13 .00

2 5 , 0 0 0
50 ,000

TotalCost
($ )

75 ,000
35,000

182,000
1 26 ,000
182,000
252 ,000

1 68 ,000

46,000

5 5 , 0 0 0
3 1 ,000

7 9 , 3 0 0

79 ,300
1 5 , 6 0 0
25 ,000
5 0 , 0 0 0

Drainage
Dike Dra inage
(French dra ins with f i l ter
fabr i c ) LF 2 ,000 2 1 . 0 0 4 2 , 0 0 0
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ALTERNATIVE I I : GRADING AND SEED ING

Item Un i t s Quant i ty
Drainage Ditches LF 1 1 ,000
Misc . Drainage Structures LS Job

Hydromulch AC 70
Pond dredging & misc
site cleanup (2) LS Job
Water sprays for dust
suppressing Day 125

\

Sub-Total

Engineer ing LS Job
Construction ManagementIncluding chemical analysisof borrowed fill & top soil LS Job
Sub-Total
Cont ingenc ie s ( 10?)
TOTAL CAPITAL COST

2. Estimated Annual Operation & Maintenance Costs :
Groundwater and Surface Water Monitor ing(once/year)
Labor & Mater ia l for Soi l Cover and Vegetat ionand roadway maintenance
Admin i s t rat ive & Contingency Costs

TOTAL OPERATION S MAINTENANCE COST
3. Present Worth Ana lys i s :

Present Worth of Capital Cost
Present Worth of Operat ion & Maintanence Cost

Un i t TotalCost Cost
($ ) ($ )4 .00 44 ,000
10 ,000 ' 10 ,000

3.000 210,000

200,000 200,000

400 50,000

$ 1 ,957 ,200

120 ,000 120 ,000

300,000 300 ,000
$ 2 , 3 7 7 , 2 0 0

2 3 7 , 7 2 0
$2 ,6 14 ,920

$ 14 ,OOC

30,000
10 ,000

$54 ,000

$2 ,6 14 ,920
509 ,060

TOTAL PRESENT WORTH $ 3 , 1 2 3 , 9 8 0

(1) Inc ludes temporary fenc ing, security , health J safety & environmental mon i tor inc )
and decontamination fac i l i t i e s for heavy equipment.

(2) Includes fencing along eastern site boundry, addit ional s igns , beach c l eanup and
black ditch piping up to exist ing lift station.
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ALTERNATIVE I I I : SOIL C O V E R I N G WITH VEGETAT ION
COST ESTIMATES

1 . Est imated Cap i t a l Cos t s :

Item
Mobi l i zat ion , set-up, & otherfixed costs (1)
Clear ing & Grubb ing
Excavat ing & Grad ing

Balance cut & fill
Extra FiU

Roadways Cover Soi l
Cover Soi l ( 15" th i ck )
Top Soil (3 n th ick )
Gravel RoadwaysHeavy Traffic Roadways(8" gravel over 24" cover)

Light Traffic Roadways(4" gravel over 24" cover)
Drainage Structures

Northeast Di t ch
Southeast Di t ch

Slope Protect ion
Sett! ing Bas i n s
Paper Mi l l Effluent &Flex Board EffluentCatch & Mix i n g Bas ins
Col l e c t i o n Bas i n
East Ditch (Upstream Face)
East D i t c h (Downs t ream Face )

Units

LS
Acre

CY
CY
CY
CY
CY

LF

LF

LS
LS

SY

SY
SY
LS
LS

Quantity

Job
70

30,330
21 ,000
26,000

125 ,000
28,000

8,400

9,200

Job
Job

6 , 100

6 , 100
1 ,200

Job
Job

Uni t
Cost
($ )

80.000
500

6.00
6 .00
7 .00
6 .50
9.00

20 .00

5 .00

55 ,000
31 ,000

13 .00

13 .00
1 3 . 0 0

25 ,000
5 0 , 0 0 0

TotalCost
( $ )

80,000
35 ,000

182 ,000
126,000
182 ,000
812 ,500
25? , 000

168 ,000

46 ,000

5 5 , 0 0 0
3 1 , 0 0 0

79 ,300

7 9 , 3 0 0
1 5 , 6 0 0
25 ,000
50 ,000
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ALTERNATIVE I I I : SO IL C O V E R I N G W ITH VEGETAT ION
Unit Total

Item Un i t s Quan t i t y Cos t Cos t— — —TD —r$r
Drainage

Dike Drainage(French Dra ins with fi lter
fabric) LF 2.000 21 .00 42,000

• Drainage Ditches LF 1 1 ,000 4 .00 44,000
Misc Dra inage Structures LS Job 10 ,000 10 ,000

Hydromulch AC 70 3 ,000 2 10 ,000
Pond dredging & miscsite cleanup (2) LS Job 200,000 200 ,OOC
Water sprays for dust supress ing Day 125 400 50,000
Sub-Total $2 ,774 ,700
Engineering LS Job 120,000 120,000
Construction Management

Including chemical analysisof borrowed fill & top soil LS Job 400,000 400,000

Sub-Total $3 ,294 ,700
Cont ingenc ie s ( 10%) 329 ,470
TOTAL CAPITAL COST 13 ,624 , 170
2. Est imated Operat ion & Maintenance Cos t s :

Groundwater and surface water monitoring(once/year) $ 14 ,000
Labor and materia l for soil cover and vegetation
and roadway maintenance 25 ,000
Admin i s t rat ion and Contingency Costs 10 ,000

TOTAL OPERATION & MAINTENANCE COST $49,000
3. Present Worth Ana lys i s :

Present Worth of Capi ta l Cost $3 ,624 , 170
Present Worth of Operat ion & Maintenance Cost 46 1 ,920

TOTAL PRESENT WORTH $ 4 , 0 8 6 , 0 9 0
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ALTERNATIVE III: SOIL COVER ING WITH VEGETATION
(1) Includes temporary fenc ing, s ite security, health & safety i env ironmenta l

mon i t o r i ng . , and decontaminat ion fa c i l i t i e s for heavy equ ipment .
(2) Includes fencing along eastern site boundry, addit ional s igns, beach cleanup atb lack ditch renovation and monitor ing wel l insta l lat ion.

ALTERNATIVE III: DEVIATIONS
The operation and maintenance cost of the deviat ions is estimated to be thesame as for the primary alternat ive . The est imated capita l costs of the 24"cover and 30" cover alternat ives are as fol lows:
( i ) 24" Cover Alternat ive

Added construction cost of 6" addit ional cover soil
(50,000 cu.yd. 0$6.50/cu yd) $325,000

>•Added construct ion management 40,000
Added cont ingencies 36 ,500
Sub-Total $40 1 , 500
Capital cost of the primary alternative 3 ,624, 170
Total Capital Cost $4 ,025 ,670
Present worth of capital cost 4 , 0 2 5 , 6 7 0
Present worth of 0 & M cost 4 6 1 , 9 2 0
TOTAL PRESENT WORTH $4 ,487 ,590

( i i ) 30" Cover Alternat ive
Added construction cost of 12" addit ional cover soil
( 1 0 0 , 0 0 0 cu.yd. 9 6 .50/cu yd ) $650 ,000
Added construct ion management 80 ,000
Added contingencies "~ 73 ,000
Sub-Total $803,000
Cap i t a l cost of the primary a l t ernat ive 3 , 6 2 4 , 1 7 0
Total Cap i t a l Cos t $ 4 , 4 2 7 , 1 7 0
Present worth of cap i ta l cost 4 , 4 2 7 , 1 7 0
Present worth of 0 & M cost 46 1 ,920
TOTAL PRESENT WORTH $4 ,889 ,090
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ALTERNATIVE IV : OFF -S ITE LANDF I LL ING
COST ESTIMATES

1 . Estimated Cap i ta l Cos t s :

Item Uni t s

Mobi l i za t ion , setup, & otherfixed costs (2) LS
Excavat ion , load ing, transportation& disposal of wet sludges (3) CY
Excavation, loading, transportation
& disposal of waste mater ia l s/so i l CY
Replacement of 57 acres ofsett l ing bas ins

Clay CY
Soil CY
Seeding LS
Gravel Roads LS
Surface Dra ins LS
Misc Structures (4) LS

Grading & Placement of Clean
fill & top soil on recovered areas CY
Sub-Total

Engineering LS
Construct ion Management LS

Sub-Total

Contingency ( 10? )

TOTAL CAPITAL COST

Quant i ty

Job

50,000

2, 150 ,000

185 ,000
180,000

Job
Job
Job
Job

50,000

Job
Job

Uni tCost
($ )

250,000

5.00

27.00

10 .00
7.00

50 ,000
100,000

50,000
100,000

7 .00

400,000
1 ,440,000

TotalCost
( S J

250 ,000

250 ,000

5 8 , 0 5 0 , 0 0 0

1 ,850 ,000
1 ,260,000

50 .00C
100,000

50 ,000
100 ,000

350 ,000
$62 ,3 10 ,000

400 ,000
1 ,440,000

$ 6 4 , 1 5 0 , 0 0 0

6 , 4 1 5 , 0 0 0

$70 ,565 ,000



ALTERNAT IVE IV : OFF-S ITE LANOF ILL ING

Un i t TotalItem Uni t s Quant i ty Cost Cos tI D ~ T s l
2. Estimated Operat ion & Maintenance Cos t s :

Groundwater and surface water moni tor ing
around sett l ing bas ins (once/year) $10,000
Added Labor, material & off-s i te disposal costs ofwaste mater ia ls generated at the Waukegan plant and
maintenance of sett l ing bas ins 240,000
Administrat ion and Contingency Costs 50,000

TOTAL OPERATION AND MAINTENANCE COST $300,000

3. Present Worth Analys i s :
Present worth of Capi ta l Cost $ 7 0 , 5 6 5 , 0 0 0
Present Worth of Operat ion & Maintenance Cost 2 ,828 , 100

TOTAL PRESENT WORTH $73 ,393 , 100

(1) Of entire waste mater ia ls and s ludges.(2) Includes temporary fencing, site security, health and safety,
environmental monitor ing, and decontaminat ion fac i l i t i e s for heavyequipment.(3) Wet s ludge from sett l ing bas in s .

(4) Includes monitor ing wel l s .
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ALTERNATIVE V: ON-SITE LANDFILLING
COST EST IMATES

1 . Est imated Cap i t a l Cos t s :

Item

Mob i l i z a t i on , setup & other f ixed
costs (1)
Land cost & permits
Clearing & grubbing
Fill in landfil l area
Filter Fabric
Synthetic Membrane Liners
Sand & gravel for leachatedetect ion system
Pip ing for leachate col lect ion/detect ion systems
Leachate col lect ion/detect ion
manholes
Excavat ion & placement of
waste mater ia l s & s ludge
Transportation & disposa l
of leachate i runoff
Synthetic Membrane Cap
Flow Zone (Sand & Grave l )
Topsoil
Seeding & mulch ing
Permanent Fencing
Grading S placement of c lean

Units

LS
LS
Acres
CY
SY
SY

CY

LF

Each

CY

Gal
SY
CY
CY
SY
LF

fill & top soil on recovered areas CY
Construction of 57 acres of sett!
bas ins S misce l laneous structuresas in Alternate IV

ing
LS

Quantity

Job
Job

50
180,000
225,000
450,000

80,000

200,000

10

2 ,200 ,000

1 ,000 ,000
250 ,000

90,000
90,000

270,000
6 ,000

50,000

Job

UnitCost
( $ )

250,000
108 ,000

3,000
5 .00
1 .40
4.00

7.00

5 . 5 0

1 ,500

9 . 6 0

0 .08
4 .00
7 . 0 0
9.00
0 . 6 0

1 5 . 0 0

7 .00

3 ,4 10 ,000

Total
Cost
( $ )

250 ,000
108,000
150,000
900,000
3 15 ,000

1 .800,000

560 ,000

1 , 100 ,000

15 ,000

2 1 , 1 2 0 , 0 0 0

80,000
1 ,000 ,000

6 3 0 , 0 0 0
810,000
1 6 2 , 0 0 0

90 ,000

350, OCO

3 ,4 10 ,000
Sub-Total $ 3 2 , 8 5 0 , 0 0 0
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ALTERNAT IVE V : ON-S ITE LANDF ILL ING

Item Un i t s Quant i ty Un i tCost
TJ)

TotalCost~TTT

Engineering
Construction Management
Sub-Total
Contingency ( 10?)

TOTAL ESTIMATED CAPITAL COST

LS
LS

Job 600,000 600,000
Job 1 ,600,000 1 .600,000

$35 ,050,000
3,505,000

$38 ,555 ,000

2. Est imated Annual .Operation and Maintenance Cost s :
Groundwater & surface water mon i tor ing(once/year)
Labor & material for maintenance ofvegetat ion & gravel roads
Added operation & maintenance cost of d isposa l ofwaste mater ia l s & process water sludge on the newlandfi l l
Admin i s t ra t i on & contingency costs

TOTAL OPERATION & MAINTENANCE COST

$28,000

25,000

15,000
12 ,000

$80,000

3. Present Worth Analysis
Present Worth of Cap i ta l Costs
Present Worth of Operat ion & Maintenance Cost
us ing a present worth annuity factor of 9 .427
for 10* d i s count rate over 30 years

$ 3 8 , 5 5 5 , 0 0 0

7 5 4 , 1 6 0

TOTAL PRESENT WORTH $ 3 9 , 3 0 9 , 1 6 0

(1) Inc ludes temporary fenc ing , s i t e security, health and safety, and
environmental mon i t o r i n g .
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ALTERNATIVE V I : SOIL COVER ING WITHOUT VEGETATION
(E l im inated Dur ing In it ia l Screen ing)

COST ESTIMATES
1 . Est imated Cap i ta l Cos t s :

Unit Total
Item Units Quant i ty Cost Cost

~7T5
Mobi l izat ion, setup & otherfixed costs (1 ) LS Job 80,000 80 ,500
Clearing & grubbing Acre 70 500 35 ,000
Excavation & Grad ing

Balance cut & fill CY 30,330 6.00 182,000
Extra Fill CY 2 1 ,000 6 .00 126 ,000

Roadways Cover CY 26,000 7.00 182,000
Cover Soil (21 " th ick) CY 175 ,000 6 . 50 1 , 1 37 ,500
Top Soi l (3M th i ck ) CY 28 ,000 9 .00 252 ,000
Gravel Roadways

Heavy Traffic Roadways(8" gravel over 24" cover) LF P.400 20 .00 168 ,000
Light Traffic Raodways(4" gravel over 2*" cover) LF 9 ,200 5 .00 46 ,000

Drainage Structures
Northeast Ditch LS Job 55 ,000 5 5 . 0 C O
Southeast Ditch LS Job 3 1 ,000 3 1 , 0 0 0

Slope Protection
Sett l ing Basins SY 6, 100 13 .00 7 9 . 3 0 C
Paper M i l l Effluent & FlexBoard Effluent Catch &
Mixing Bas in s SY 6 , 100 13 .00 79 ,300
Col lect ion Bas in SY 1 ,200 1 3 . 0 0 1 5 , 6 0 0
East Ditch (Upstream Face) LS Job 25,000 25, COO
East Ditch (Down Stream Face) LS Job 50,00.0 50,000
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ALTERNATIVE V I : SOIL COVER ING WITHOUT VEGETATION

Item

Drainage
Dike Drainage(French Drains with
Filter Fabric)
Drainage Ditches
Misc Drainage Structures

Pond Dredging & misc site
cleanup (2)
Water Sprays for Dust Supress ing
Sub-Total
Engineering
Construction ManagementIncluding chemical analysis of
borrowed fill & top soil
Sub-Total
Contingencies (10?)
TOTAL CAPITAL COST

Unit s

LS

LS

Quantity
Unit
Cost

Job

Job

T$)
TotalCostr$r

LF
LF
LS

LS
Day

2,000
1 1 ,000

Job

Job
125

21 .00
4.00

10,000

200,000
400

$42,000
44,000
10,000

200,000
50,000

$2,889,700
120,000 120,000

440,000 440,000
$3,449,700

344 ,970
$ 3 , 7 9 4 , 6 7 0

2. Est imated Annual Operat ion & Maintenance Cos t s :
Groundwater & surface water monitor ing (once/year)
Labor & material for soil cover & roadway maintenance
Administrat ion & Contigency Costs

TOTAL OPERATION & MAINTENANCE COST
3. Present Worth Ana ly s i s :

Present Worth of Cap i t a l Cos t
Present Worth of Opera t i on & Maintenance Cost

TOTAL PRESENT WORTH

$14,000
15 ,000

7,000
$36 ,000

$ 3 . 7 9 4 , 6 7 0
339 ,370

$ 4 , 1 3 4 , 0 4 0
(1) Includes temporary fencing, s ite security, health & safety & environmenta l

monitoring, and decontaminat ion faci l ity for heavy equipment.
(2) Includes fenc ing a long eastern s i t e boundry, add i t iona l s i gn s , beach c lean up,

and b lack d i tch renovat ion and mon i t o r i ng wel l i n s ta l l a t i on .
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(E l im i n a t e d Dur ing In i t ia l Screen i ng )
COST ESTIMATES

1 . Est imated Capi ta l Cos t s :

Item

Mobi l izat ion, setup & otherfixed costs (1)
Clearing & grubbing
Excavation S Grading

Balanced cut S fillExtra fill
Roadways Cover
Cover Soil (6" th ick)underneath synthetic l ineron waste materials
Gravel Roadways

Heavy traffic roadways(8" gravel over 24" cover)
Light traffic roadways(4" gravel over 24" cover)

Synthetic l iner in settl ing bas insand over cover soil
Flow Zone Sand
Top Soil ( 12" th ick)
Slope protection

Sett! ing basins
Paper Mi l l effluent & Flex
Board eff luent Cat c h &
Mix i n g ba s i n s
Col l e c t i on Bas i n
East Ditch (upstream face)
East Di tch (downstream face)

Units

LS
Acre

CY
CY
CY

CY

LF

LF

SY
CY
CY

SY

SY
SY
LS
LS

Quantity

Job
70

30,330
21,000
26,000

50,000

8,400

9,200

532,000
100,000
100,000

6, 100

6 , 100
1 ,200

Job
Job

Unit
Cost
($ )

100,000
500

6.00
6.00
7.00

7 .00

20 .00

5 .00

4 . 0
7.00
9.00

1 3 .00

13 .00
13 .00

25,000
50,000

Total
Cost
( $ )

100,000
35,000

182, OOP
126,000
182,000

350,000

168 ,000

46 ,000

2 , 128 ,000
700,000
900,000

79,300

7 9 , 3 0 0
1 5 , 6 0 0
2 5 , 0 0 0
50 ,000
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ALTERNAT IVE V I I C A P P I N G

Quant i t y

LF
LS
AC

LS

Day

1 1 ,000
Job

70

Job

125

Job

Job

Item Uni t s

Drainage
Drainage ditches
M1sc drainage structures

Hydromulch
Pond dredging &misc site cleanup (2)
Water sprays for Dustsuppressing
Sub-Total
Engineering LS
Construct ion Management
Inc luding chemical analysis ofborrowed fill & top soil LS
Sub-Total
Cont ingenc ies ( 10? )
TOTAL CAPITAL COST

2. Estimated Annual Operation and Maintenance Cost
Groundwater & surface water mon i tor ing (once/year)
Labor & mater ia l for topso i l , vegetat ion & roadway
maintenance
Admin i s t ra t ive 4 Cont ingency costs

TOTAL OPERATION & MAINTENANCE COST

3. Presen t Worth Ana l y s i s :
Present Worth of Cap i ta l Cos t
Present Worth of Opera t i on & Ma in t e nan c e Cos t

TOTAL PRESENT WORK

Un i t
Cost
TIT

Tota l
Co s t
($ )

4.00 44 ,000
10,000 10,000

3,000 2 10 ,000

200,000 200,000

400 50,000
$5 ,680 ,200

200,000 200,OOC

600,000 600,000
$6 ,480 ,200

648,020
$7 , 128 ,220

$ 14 ,000

25 ,000
10 ,000

$49,000

$ 7 , 1 2 8 , 2 2 0
4 6 1 , 9 2 0

$ 7 , 5 9 0 , 1 4 0
(1) Inc ludes temporary fenc ing, s i te security, health & safety $ env i ronmenta l

moni tor ing , and decontaminat ion faci l ity for heavy equipment.
(2) Includes fenc ing a long eastern s i te boundry, add i t i ona l s i g n s , beach c l e an ,

up and b lack d i t ch renovat ion and mon i t o r i ng wel l i n s t a l l a t i o n .
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 5

13* SOUTH DEARBORN ST.
CHICAGO, ILLINOIS itCM

tlKT TO TMI ATTDrnOM (

SHE-12

Marvln ClumpusProject CoordinatorNanvllle Service Corporation .P.O. Box 5108Denver, Colorado 80217
Re: The Johns-Manvllle Haukegan Disposal Area
Dear Mr. Clumpus:
The U.S. Environmental Protection Agency (U.S. EPA) disapproves the draftFeasibility Study (FS) for the above-mentioned facility. The FS can onlybe finalized after the U.S. EPA and the Illinois Environmental ProtectionAgency's (IEPA) questions and cocnnents are addressed appropriately. Thisletter represents the collective comments of both agencies.
Page 1-1, Second Paragraph:
The statement that cm-site air quality does not appear to be affected byreleases of asbestos is Incorrect. The fact that asbestos concentrationswere higher on-slte than off-site Indicates that there Is an Impact on airqual1ty.
Page 2-1, Section 2.1.2:
A statement made here Implies that there Is presently no asbestos beingdeposited at Johns-Manvllle (J-M); this contradicts the statement on page2-5, paragraph one that J-M receives limited quantities of friable asbestoswaste.
Page 2-9:
Supply the basis for the statement that this site 1s perceived as a minimalthreat to the environment.
Page 2-11, Section 2.2.1:
Over time, doesn't sludge dry out and release asbestos?
The quantities given on this page do not add up. The paragraph states that50% of the 175,000 cubic yards of sludge Is deposited in a disposal pit and50,000 cubic yards 1s deposited In a settling basin. The remaining 37,500cubic yards should be accounted for. >
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Page 2
Page 2-12:
The statement that "fibers longer than 5 microns are the ones generallyassociated with health risk* Is Inconsistent with the U.S. EPA's positionthat asbestos fibers of all lengths present some degree of health risk.The FS report must reflect the Agency's position on this Issue.
Page 2-14:
The levels of asbestos 1n the groundwater and surface water should bereported for fibers of all lengths, not just for those greater than 5
Page 2-15, Second Paragraph:
The statement that "There Is no migration of any contaminant from the site"should be amended to read "Based on monitoring data collected during andafter the RI, there 1s no current evidence that contaminants are migratingfrom the site.*
Page 2-16, First Paragraph:
It should also be stated that lead Is released from the disposal area to amb iafr, even though monitoring data have shown that the quantity released 1s smsi
Page 2-17:
If the subsurface soils below the water table were not sampled, what Isbasis for the statement that subsurface soil Is not a contamination source?
Page 3-1:
The statement that on-site air quality Is not Impacted by the release oflead or asbestos 1s Incorrect; elevated levels of these contaminants havebeen detected.
Pages 3-9 and 3-10:
Justification should be provided for the statement that on-site landfill ingand on-site stabil ization technology are not likely to be accepted by thepublic.
Pages 3-12 and 5-2:
There 1s no current evidence to suggest that the Inorganic lead found at theJ-M Disposal Site 1s a human or animal carcinogen. The toxic properties oflead should be described.
It 1s Incorrect to state that protection of groundwater 1s not of concern



Page 3
•t the site; therefore, groundwater monitoring Is required to ensure that thelead does not migrate. It 1s also Incorrect to state that the lead andasbestos contaminants are encapsulated and 1n a non-lsachable form; elsewhereIn the report. It Is Indicated that there Is friable asbestos at the siteand that the lead 1s "not 1n a readily Teachable" form.
Page 4-2, Section 4.1 . 1 . 1 :
Specify which specific "other Inorganic water quality parameters' will becollected and analyzed under the monitoring program.
Page 4-3, Section 4 .2 . 1 .3 :
Burning of grubbed trees and roots may be better than burying, since thepossibility of soil piping after decomposition 1s thus eliminated.
Page 4-4, Section 4.2 . 1 .3 :
IEPA recommends a maximum dike slope of 1:3.
Page 4-4, Section 4.2.1 .3 and 4.2. 1 .4:
The description of grading and drainage near the waste disposal pits needsto be clarified. The report seems to suggest that runoff will be channeledInto the disposal pits. It would be more appropriate to reduce Infi ltrationthrough these areas by directing runoff away from the disposal pits.
Page 4-5, Section 4.2.1.6:
The limestone riprap should be large enough that It does not move (I .e. 8-12* diameter, drop method of placement).
Page 4-5, Third Paragraph:
The plan to test the soils brought to the site for contamination 1s a goodone. Specific criteria for accepting or rejecting the soil can be definedat a later time.
Page 4-6, First Paragraph:
The OSHA standards for asbestos are reported Incorrectly In the firstparagraph. The numbers are correct, but the units should be fibers percubic centimeter.
Page 4-6 Section 4 .2 . 1 .9 :
Trucks cuming on-site to deposit fill should be sprayed off on adecontamination pad prior to leaving the site, and wash water should bedrained to basins on-site.
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Page 4-9, Section 4.4.1 .2:
It 1s recommended that slurry Impoundments that are deep, not wide andshallow, be built. Have future electrolysis Methods been considered Indewaterlng of slurry Impoundments?
Page 4-13, Section 4.5.1 .3:
The leachate collection system should drain Into a catch basin, and theleacHate" detection system should drain Into a separate catch basin.
Page 4-13, Section 4.5 . 1 .4 :
The shaped surface of the waste material and the sand from on or off-siteto be used for the Infiltration area should be free of sharp objectswhich could puncture the synthetic liner.
Page 5-6. Table 5-1:
It 1s Incorrect to 11st the No Action Alternative as the most favorablealternative for criteria such as operation and maintenance requirements,constructabl11ty, time required to Implement, and safety to workers and toneighboring facilities and communities.
Page 5-7, First Numbered Item:
Information appears to be missing here; 1t 1s not clear why the Clean WaterAct 1s mentioned since It Is not Included In the subsequent discussion.
Page 5-8. Section 5.2.1.3:
Additional sections of RCRA may be relevant and appropriate (although notlegally applicable) to the remedial alternatives that are proposed. Thesesections would Include portions of Subparts S (Closure and Post-Closure)and N (Landfills) of 40 CFR Parts 264 and 265.
Page 5-10, Table 5-2:
The score of 'zero' for "OSHA Compliance' for the landfill Ing alternatives1s questionable.
There 1s no basis for the Implication In the table that the most favorablealternative In terms of community requirements Is soil covering withvegetation. This can only be stated after the public oxnent period.
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Page 5-14:
The Urge variations In scores for the various alternatives under "Compliancewith Water Quality Requirements During Implementation" are questionable.
Page 5-15:
The statement "There has been no documented Increase 1n the airborne emissionof pollutants from the disposal area "Is not true. There were elevatedasbestos readings.
Page 5-19:
Some of the scores for "Improvements In Biological Environment" are questionable
Page 6-8, Table 6-2:
The Preliminary Implementation Schedule Incorrectly assumes that a final FSwill be prepared after the public notice and comment period. The final FSwill be submitted before the public comment period. U.S. EPA feels thatthe schedule 1s also too lengthy and could be shortened by six months(I .e. construction should be completed by June 30, 1988.)

The U.S. EPA and IEPA concur with J-M that soil covering with vegetationwould be the best recommended alternative for the site; however, theagencies do not feel that six Inches of soil covering would be adequate.The six Inches of soil stand a good chance of eroding away by either wind orwater In a relatively short period of time, thereby leaving asbestos materialuncovered and releasable to the air. The thickness of the proposed cover 1snot consistent with recent Office of Solid Haste (OSU) guidance and withmost other removal and remedial actions Implemented under CCRCLA. The OSUguidance recommends a minimum cover thickness of 36 Inches for final closureof an asbestos disposal area. This recommendation was based partly on workdone by the Army Corps of Engineers . (COE) at the Cold Regions ResearchLaboratory 1n Hanover, New Hampshire. Research showed that the action offreezing and thawing of the ground can cause an upward migration of pebbles,rocks, and asbestos-containing materials. To prevent freeze-thaw effects,the top of the asbestos layer should be below the depth of freezing 1n the5o1l after the cover has been Installed. The J-N disposal area Is located1n an area that has a climate similar to that of New England. Thus, theCOE recommendations concerning freeze-thaw effects must be considered.
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Based on the factors listed above, the U.S. EPA reconnends that at least 36Inches of cover, with vegetation, be applied. Both U.S. EPA and IEPA areconcerned with the specifics for the design of the cover (e.g. degree ofcompaction, soil composition, seeding methods) and have guidance and designcriteria documents that provide strong recommendations for the specificdesign parameters. The agencies would like to discuss cover design criteriawith J-M and Its contractor at the earliest convenience of all parties.This can be accomplished by either a phone conference or a meeting.
J-M must perform ambient air monitoring on-site during the actual remedialaction stage and will be required to monitor the area on frequent occasionsthereafter 1f asbestos materials continue to be disposed of on-s1te.
If you have any questions regarding these comments, please contact me at (312*886-4742.
Sincerely yours,

5i/udL)u-<VL,
Brad BradleyRemedial Project ManagerRegion V CERCLA Enforcement Section
cc: Kurt HelbergallFederal Site Management UnitDivision of Land Pollution ControlIllinois Environmental Protection Agency2200 Churchill RoadSpringfield. Illinois 62706
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HUnvtlto $«<•• Corporation
Pofl ONcc Box 5106
D*nv«r Cotorxto 802175108
303 978-2000

Manville
June 23, 1986

CERTIFIED MAIL/RETURN RECEIPT REQUESTED

Mr. Brad Bradley
Remedial Project Manager
U.S . Environmental Protection Agency
Region V230 South Dearborn Street
Chicago, IL 60604

RE: JOHNS-MANVILLE WAUKEGAN DISPOSAL AREA RI/FS

Dear Mr. Bradley:
This letter is to acknowledge receipt of your comments on
Manville's Feasibility Study Report submitted to USEPA onFebruary 7, 1986. Together with our consultant, Kumar
Malhotra & Associates ( "KMA") , we are in the process of
reviewing the comments and preparing a response. However, to
fully and fairly respond to all the Agency's comments, we
require additional information.
A major comment of the Agency concerns the proper amount of
cover for the site. In that regard, the Agency refers to:
(1) "recent Office of Solid Waste (OSW) guidance"; (2) "most
other removal and remedial actions implemented under
CERCLA"; (3) "work done by the Army Corps of Engineers (COE)at the Cold Regions Research Laboratory in Hanover, New
Hampshire"; and (4) USEPA and IEPA guidance and design
criteria documents with specific requirements or recommenda-
tions for design of the cover. Neither Manville nor KMA
currently has copies of the referenced materials, nor was
specific reference to these materials made in the meetings
preceding our submittal of the FS Report. Obviously, without
reviewing the documents and materials referenced by the
Agency, we cannot properly respond to the Agency's comment.
Therefore, we request copies of the documents and materials
referred to in your comments and on which the Agency is
relying in suggesting 36 inches of cover. This would include
copies of RI/FS Reports and Records of Decision (ROD) for
other sites at which the cover requested by the Agency has
been incorporated in a selected remedial action alternative
implemented under CERCLA. After we have had an opportunity
to review these documents and materials, we would be happy
to meet with the Agency to discuss cover design criteria and
other issues.
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Mr. Brad Bradley
Page 2
June 23, 1986

We appreciate your efforts in expediting delivery of therequested documents and materials to us.
Very truly yours,

Marvin Clurapus, P .E .
Project Coordinator

MC/jb

cc: Dr. S. K. Malhotra
Kumar Malhotra & Associates, Inc.
Consulting Engineers
3000 East Beltline, NEGrand Rapids, MI 49505
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Mr. Brad BradleyRemedial Project Manager (5 HE-12)USEPA Region V CCRCLA Enforcement Section230 South Dearborn StreetChicago, Illinois 60604
RE: Johns-Manvllle Waukegan Disposal Area
Dear Mr. Bradley:

This letter summarizes the responses of Manvtlle to your review commentson the Feasibil ity Study Report for the Johns-ManvWe Maukegan DisposalArea. The responses outlined 1n this letter will be Incorporated 1n theFeasibility Study (FS) Report where applicable. These responses follow theorder 1n which your review comments are presented.
Page 1- 1 , Second Paragraph:

The statement 1n question will be revised to read as follows:
"On-site and off-site air quality does not appear to be significantlyImpacted or degraded by release of suspended partlculate matter, lead orasbestos fibers.

Page 2-1 . Section 2. 1 .2
The revised statements will read as follows:
Page 2-1
"The use of asbestos substitutes and changes 1n product l ines have noweliminated the use of asbestos fiber from the manufacturing process as well asfrom the manufacturing wastes disposed of at this site."
Page 2-5
•The asbestos disposal pit now receives limited quantities of friableasbestos waste from cleaning/decontamination activities at the Uaukegan Plant,and Is managed 1n accordance with the requirements of National Eon1ss1onStandards for Hazardous A1r Pollutants (NESHAP)."
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Mr. Brad BradleyAugust 25, 1986
2

s)

Page 2-9. Section ?.1.9
'• I•The revised statement will read as follows: I
•In general this site Is perceived as a minimal threat to Us environment Ibecause of Halted potential of exposure of human and wild Hfe (due to siteIsolation) and of releases of contaminants to the environment (due toencapsulated and relatively bound nature of Its contaminants).

Page Ml. Section 2.? . !
Over time, the sludge does dry out but does not appear to releaseasbestos fibers as the asbestos 1n the sludge Is encapsulated and bound by the11me sludge (predominantly calcium carbonate). s-
The following sentence will be added to account for the remaining 37,500cubic yards of sludge.
•The remaining 37,500 .+ cubic yards of sludge Is deposited on piles ofmanufacturing wastes.* ""

Page 2-12. Section 2 .2 .5
The statement "Fibers longer than 5 micrometer, the fibers generally

associated with health risks" was taken from the final RI report .for the site,approved by USE PA in 1985. In addit ion, it is noted that USEPA's recentlyproposed RMCL for asbestos in drinking water only applies to medium and longfibers ( > 10 urn 1n length). None the less, the revised statement will read asfollows:
•In terms of fibers longer than 5 micrometers, all concentrations were at ""or very close to the detection limit (0.003 fibers/ml).'

Page 2-14. Section 2 .2 .6
' The observed range of concentrations of fibers of all lengths as veil asthose of fibers greater than 5 microns In length were reported.

*7) Page 2-15. Second Paragraph
The statement will be revised and will read as follows:
•Based on monitoring data collected during and after the RI, there 1s noevidence that the contaminants are migrating from the site." •

Paoe 2-16. First Paragraph
We cannot state that lead Is released from the disposal area to ambient 'air when the Ambient Air Quality Monitoring for Lead and TSP (TechnicalMemorandum IM-2 September, 1985) showed that observed lead values at on-slte



Brad BradleyAugust 25, 1966Page 3
*monitoring locations were lower than those observed at the off-site monitoringlocations, and significantly lower than those observed by Div i s ion of Air

Pollution Control, Il l inois EPA in the residential and commercial areas ofLake and Cook Counties.
Page 2- 17 , Second Paragraph

Subsurface soils below the water table were sampled and analyzed at thefollowing boring locations and depths. The details are presented in the RIreport.
B-l ( 3 1 ' . 5 - 33 ' .0 ) ; B-2 ( 3 4 ' . 0 - 35 ' . 5 ) ; B-3 (39 ' . 5 - 40 ' .0 ) ;
B-4 ( 14 ' . 0 - 15 ' . 5 ) ; B-5 (20 ' .0 ) ; B-7 (29 ' .0 - 30' .S ) ;
B-« (29 ' .0 - 30 ' . 5 ) and B-10 ( 20 ' .0 ) .

10) Page 3-1. Section 3.1
The revised statement will be read as follows:
"On-s i te and off-s ite air quality does not appear to be s ignif icant lyimpacted or degraded by re lease of suspended part icu late matter, lead orasbestos fibers. Some of the on-site air samples contained asbestos fibers atlevels somewhat higher than those observed at the off-site locations, butwithin the range observed in other Industrial locations*.

11) Pages 3-9 and 3-10
These statements are based on our Judgement of the anticipated publicreactions due to the adverse environmental Impacts associated with on-siteUndfil l ing and on-site stabilization remedial alternatives for this site.On-site landfllUng will result 1n air and noise pollution due to moving oflarge amounts of contaminated material closer to the existing resldentaldwel l ings. On-s1te stab i l i zat ion will Involve processing of surficial so i l sand hence increase potential of higher levels of airborne contaminants andnoise In the vicinity of the site.

Pages 3-12 and 5-2
The toxic properties of lead are described in the EndangermentAssessment. Section 5.0 of the RI Report.
The first paragraph on Page 3-12 will be modified to Include the

suggested sentence as follows:

0_ 1 1
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Mr. Brad BndleyAugust 25. 1986Page 4 • ,

••Both lead tnd asbestos fibers can be carcinogenic to human and wi ld l ife Ipopulation. However, there 1s no current evidence to suggest that the 'Inorganic lead found at the Johns-Kanvllle Site 1s a human or animalcarcinogen.* |
The second sentence of the last paragraph on page 3-12 will be Modifiedto read as follows:
•Capping would provide added protection to groundwater (which, however.1s not of primary concern at this s ite)* .
The first paragraph on page 5-2 will be Modified to read as follows: •^
•However, groundwater contamination Is not expected because thecontaminants at this site are not 1n a readily Teachable form."
Me agree with you that the groundwater monitoring should be done toInsure that on-site lead does not migrate to the groundwater and thereforegroundwater monitoring was Included in all of the remedial alternatives.
Elsewhere 1n the report, it 1s Indicated that there 1s friable asbestosat the site. The friable asbestos is disposed of only in an Isolated area ofthe site. All friable asbestos is bagged prior to Its disposal and is coveredaccording to the NESHAP requirements.

Page 4-2. Section 4. 1 . 1 . 1 ;
The revised statement will read as follows:
'Samples would be analyzed for lead and other Inorganic water quality w

pearameters (pH, SO*. MOVN. chlorides, specific conductance and totalalkalinity)*
Piqe 4-3. Section 4 .2 . 1 .3 ;

The revised sentence will read as follows:
•Tree cuttings and stumps would be burled on site in the miscel laneouswaste disposal pit or burned on site.*

Eaqe-4-4. Section 4 .2 . 1 .3 : I
Johns-Manvllle Disposal Area Is not a sanitary landfill. It 1s a Idisposal area for the relatively non-combustible and non-biodegradable |manufacturing wastes. Some of the existing dikes were constructed many

decades ago and are composed of the manufacturing wastes and off specification j
products such as pipes and shingles and have side slopes greater than 1 : 1 .The majority of the existing dike slopes are between 1:1 and 1 : 1 .5. These arestable and have not shown any sign of abnormal erosion so far.



Hr. Brad Bndley
August 25. 1986Page 5

Decreasing dike slopes to the IEPA recommended standard of 1:3 wil lrequire excess ive excavat ion of the consolidated waste materials and wi l lresult In adverse noise and air quality environmental Impacts as well asIncreased commitment of monetary and energy resources.
Therefore, the use of dike slopes of 1:2 Is appropriate based on theunique site specific conditions at this site.

Page 4-4. Sections 4 . 2 . 1 . 3 and 4 . 2 . 1 . 4 ;
The revised statements will read as follows:
Section 4 .2 . 1 .3 ;
"All top surfaces would slope towards settling basins or to peripheralditches".
Section 4 .2 . 1 . 4 ;
•All surface runoff from the site would flow to process water treatmentbasins or to the peripheral ditches"

Page 4-4. Section 4 .2 . 1 . 6 ;
The revised statement will read as follows:
"One layer of 8" - 12" thick Hrne stone riprap would be placed (by dropmethod of placement) on portions of Interior slopes of sett l ing bas in d ikeswhich are susceptible to wind erosion".

Page 4-5. Third Paragraph (Section 4 .2 . 1 .7 )
The following paragraph will be added to the first paragraph of Section4.2. 1 .7 .
"Specific criteria for accepting or rejecting the soil hauled to the sitefor use as a cover or fill material will be developed using the backgroundlevels of Inorganic lead and/or asbestos found In the off.-slte soil samples.Trucks coming to the site for delivering soil and other materials would bespray washed (on out-side) on a decontamination pad prior to leaving the siteand washwater would be drained to settling basins or peripheral d i tches fortreatment and plant reuse.

Page 4-6. First Paragraph;
The units were corrected by a submlttal subsequent to submitting the PSreport. The last sentence of the first paragraph will read as follows:
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Mr. Brad BradleyAugust 25, 19*6Page 6 .

.•"Exposure of any worker would not exceed 8-hr weighted average alrbourne Iasbestos concentration of 2.0* fibers/cubic centimeter and a celling Iconcentration of 1C fibers/cubic centimeter for fibers longer than 5.0micrometers". •
•This has since been revised to 0.20 fibers/cubic centimeter.

20) Page 4-6. Section 4 .2 . 1 .9 :
Your suggestion will be Incorporated 1n Section 4 .2 . 1 .7

Page 4-9. Section 4 .4 . 1 . 2 :
The first sentence of the last paragraph on Page 4-9 has been revised andwill read as follows:
•The sludge periodically removed from the sludge settling basins would bedewatered by using a 2 acre unllned deep sludge drying basin. (Thisdewaterlng method was chosen as this has been successfully used at this sitefor many decades)".

Page 4-13. Section 4 .5 . 1 . 3 ;
Leachate collection and leac^ate detection systems as proposed would beseparate and drain Into separate catch basins.

Page 4-13. Section 4 .5 . 1 .4 ;
He agree with you that the sand used should be free from sharp objects to .,protect the Integrity of the synthetic liner. The statement will be revisedas follows:
"This membrane would be covered with one foot layer of sand free of sharpobjects (taken from the Manvllle property or an off-site location) to serve asthe Infiltration flow zone".

Page 5-6. Table 5-1;
The scores presented are relative scores In terms of the desirability ofdifferent remedial alternatives based on different criteria. Mo actionalternative 1s the most desirable from 0 * M requirements, constructablllty* ftime of Implementation and safety considerations and hence has been given thehighest score of 4.0. .

Page 5-7. First Numbered Item; •
The first numbered Item will read as follows: &
1) CERCLA established NCP for Remedial Action (40 CFR 300}
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Page 5-8. Section 5 .2 . 1 . 3 ;

This paragraph will be revised and read is follows:
•RCRA has specific requirements (40 CFR Part 257) for siting andoperating solid waste disposal facilities to minimize adverse effects ofdisposal facilities on health or the environment (which Includes surface water•nd groundwater). In addition, other sections of RCRA have been consideredand where appropriate Incorporated 1n the alternatives. All alternativescomply with the applicable RCRA requirements. However, because of the use ofpermeable liners the on- site landfllUng alternatives should be preferable overthe other alternatives".

T?) Page 5-10. Table 5-2;
The scores presented are relative scores 1n terns of the desirability ofdifferent remedial alternatives based on different evaluation factors. It 1santicipated that the efforts needed to comply with OSHA requirements forlandfllUng alternatives will be far more extensive than those required for theother remedial alternatives.
The scores presented are based on our evaluations In the absence of publicInput on the different remedial alternatives. We agree with you that therelative scores for community requirements compliance may change after thepublic comment period, depending upon the public input.
LandfllUng alternatives Involve moving of larger quantities ofconsolidated waste materials and are most likely to result 1n greater levels ofair quality degradation and noise pollution. Therefore, these alternatives arerated unfavorably, similar to the no action alternative, while the soilcovering with vegetation alternative Is ranked as the most favorablealternative.

2SJ Page 5-14. Table S-?:
The scores presented are in whole numbers (0 to 4) and the variat ions inscores shown was desirable to exhibit the relative desirability of differentremedial alternatives.

Page 5-15. Section 5 .4. 1 :
The statement will be revised to read as follows: . '
•There has been no documented discharge of pollutants to surface and/orgroundwater from the disposal area. Some of the on-slte air samples containedasbestos fibers at levels somewhat higher than those observed at the off-site

locations, but within the range observed 1n other Industrial locations'.
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Faqe S-19. Table 5-4:

The scores presented are relative scores 1n terms of desirabil ity ofdifferent remedial alternatives for Improvements In the biological environment. IMe believe that the no action alternative 1s the least desirable and the soil Icovering with vegetation alternative 1s the most favorable for Improving thebiological environment on and around the site. •
6-8. Table 6-2:
The schedule will be revised to show the submittal of final feasibi l itystudy report before the public notice and comment period.

A minimum of two construction seasons are required for clearing and grubbing,grading, soil covering and revegetatlon of the large waste disposal area,especially when the construction requires soil stapling and analysis, equipmentdecontamination and health and safety Monitoring.
The schedule will be revised as follows:

TENTATIVE DATE DESCRIPTION OF TASK
September 26, 1986 Submit revised feasibility study report
October, 1986 Public notice for comments
November, 1986 Receive public notice comments
January, 1987 Complete plans and specifications forrecommended remedial action alternative
February, 1987 Advertise for bids
April, 1987 Receive bids
April 31, 1987 Award Contract
May, 1987 Start construction
December, 1988 Complete construction

The proposed 9" thick soil cover with vegetation exceeds the NESHAPrequirements for active and Inactive asbestos waste disposal sites (40 CFR 61Subpart M) of 6" compacted non-asbestos containing material/soil with |vegetation. Therefore, we feel that our recommended alternative Is adequate,especially when the emissions of asbestos fibers to the environment from the .disposal area and risk to human and wildlife are minimal as concluded In the RI Ireport. Moreover, we have considered the concerns of freeze-thaw effect and B

believe that the specific conditions at the Waukegan Site are unique andsufficiently different to distinguish it from other sites. However, as noted •In Mr. Clumpus's June 23, 1986 letter addressed to yow. the Issue of proper
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amount of cover will be discussed further with the Agency after we have achance to r«v1ew different documents and MterlaU referenced 1n your letter.
Me do not fe«l that anblent on- site air Monitoring during certainconstruction activities will provide any tlmtly Information to undertake anycorrective action. Therefore, we have proposed to monitor the personnelworking on- site during site grading activities and wet the construction areasprior to any site grading.
Please feel free to contact me 1f you have any questions on any of theresponses included 1n this letter.

Sincerely yours.

S. K. Nalhotra, Ph.D., P .E .

cc: Marvln Clumpus, P .E .Project Coordinator
Hanvi l l e Sales Corporation

SKM:sa



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 5

1M SOUTH DEARBORN ST.
CHICAGO, ILLINOIS MM4 '
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Harvln ClumpusProject CoordinatorManvllle Service CorporationP.U. Box biOtiDenver, Colorado 80217
Re: The Johns-Manvil le Uaufcegan Disposal Area
Dear Mr. Clumpus:
This letter 1s written In response to Kumar Halhotra's August 25, 1986response letter to the June 11. 1986 U.S. EPA draft Feasibility Study(FS ) Keport comments. A copy of the August 2b, 1986 letter 1s enclosed,and the comments have been numbered for clarity. Any comment not listedbelow 1s acceptable and should be incorporated Into the draft FS Keportas it appears In the August 2&. 1986 letter.
witn the exception of the inclusion of tne final remedy selected, the FSReport can be considered to be approved ov U.S. EPA upon the Incorpor-ation of the following comments:
Comment 1): The statement is acceptable as fol lows: "un-site andoff-site air qual ity does not appear to be significantlyimpacted or degraded by tne release of suspendedparticulate matter or lead.*
Comment 3):
Comment 4):

Comment 7):

Comment 8):

This statement should be deleted from the report.
The statement should be amended as follows: 'when tne sludgedries out, there is a potential to release asoestos to theatmosphere; however, the bound nature or the asbestos in thesludye reduces this potential."
The statement is acceptable and should also be applied inSection l.i. the second paragraph of paqe 2- 16 , and anyotner time the statement that there is no migration of anyof an/ contaminant from tne site Is made in the report.
acceptable-Additional Note: On the top of pa* 2-16, thestatement that on-$1te asbestos releases have not Impactedoff-site air quality should be deleted from the report:however, since this comment was not made In the first roundof comments. U.S. EPA will not disapprove the FS Keport Ifthis comment 1s not addressed.
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comment *): Ine statanent ( last sentence of page 2- 17) should be amenoedto read: "Removal of subsurface soil below the water tablewill not aid 1n accomplishing the objectives of the feasi-bility study."
Comment 10 ) : The statement should be amended to read: "On-site andoff-site air quality does not appear to be significantlyImpacted or degraded by the release of suspended parti-culate matter or lead. Some of the on-site air samplescontained asbestos fibers at levels somewhat Myher thanthose observed at the off-site locations."
Comment 1 1 ) : acceptaole-This statement should be inserted 1n thereport.
Comment 12): All statements made here are acceptable; groundwatermonitoring will be discussed at subsequent meetings.
Comment 17 ) : Riprap should be placed on all berms and dikes in thewastewater treatment system, not just those that aresusceptible to wind erosion.
Comment 29) : The statement Is acceptable If the phrase "but withinthe range observed at other Industrial locations" Isdeleted from the end of the sentence.
Comment 31 ) : The schedule 1s acceptable. Due to the recent delaysIn the project, the earlier dates 1n the scheduleMust be adjusted; however, construction shouldstill be completed by December 1988.
Since it wi l l be discussed at subsequent meetings, no comment wi l l beprovided concerning the appropriate soil covtr thickness for the site.
The FS Report should not be printed 1n final for* until the finalremedy 1s Included 1n the report, throuqh the amendment of the reportby Jonns-Hanville and the Inclusion of an addendum by U.S. EPA. Ifyou have any questions concerning the contents of this letter, pleasecontact me (312) 886-4742.
Sincerely yours,
TVvo -A
Brad Bradley. Remedial Project ManagerRegion V CERCLA Enforcement Section
Enclosure
cc: Kurt NelbergallIllinois Environmental Protection Agency

Kumar Nalhotra. Kumar Ha 1 hot r a i Assoc.. Inc.

I
I

I
I
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 5

2tt SOUTH DEARJORN ST.
CHICAGO, ILLINOIS MM4

SHE-12

• 086
Mr. Marvin ClumpusProject CoordinatorHanvllle Service Corporation
P.O. Box 5108Denver, Colorado 80217
Re: The Johns-Manvllle Wauicegan Disposal Area
Dear Mr. Clumpus:
This letter trill serve to formalize the guidelines for an acceptableremedy for the Maukegan site presented to Johns-Manx 111 • by U.S. EPAat the October 2, 1986 meeting concerning said site. The guidelines,arranged 1n categories for clarity, are as follow:

North and West'Waste Dfsposa'T Area Boundaries
The remedy for these areas 1s acceptable as proposed, with theexception that tne cover thickness at tne top of the slopes muststill be determined.
Met 'Areas'
Full coverage of all Interior slopes with 12-Inch thick riprapunderlain by four Inches of bedding material Bust be provided.
Dry Area's (This fric'Tudes the sduthern waste disposal Ire
- The exact cover thickness Must still be determined.
• A tine limit and provisions for closure of the asbestos disposalpit Must be provided, with the stipulation that any asbestos-containing Material generated after closure Must be depositedoff-site In an approved landfill.
• The open area at the northeast corner of the Miscellaneousdisposal pit Must be closed, and the pit Must be provided wtth •proper drainage control. |
- Written waste handling procedures Must be provided for the. asbestos disposal pit, the Miscellaneous disposal pit, and the *sludge disposal pit.



Page

- The remedy proposed for the site roadways Is acceptable asoutlined 1n the FS Report.
Miscellaneous Provisions
- As described at the October 2, 1986 meeting, the provisions toclean up the beach and the southwest portion of the wastedisposal area Must be Included 1n the FS Report.
• If possible, fence must be provided along the eastern siteboundary, preferably along tne elevated area near the beach.
• As described at the October 2, 1986 meeting, the provisionto construct dikes at the depressed areas along the north sideof the Industrial canal must be Included In the FS Report.
• Per the NESHAPS requirement, additional warning signs mustbe posted along the waste disposal area boundary fences.
GroUridwater Horiitdrfng
A detection Monitoring system must be provided. Including thedri l l ing of additional wells to the north and the east of the
site. As a rougn guide l ine, such a monitoring system would
consist of approximately four additional wells north of thesite and approximately three additional wells slightly west oftne existing eastern wells to be Monitored for approximately10 Metals, approximately five organlcs, and all MobilityIndicator parameters, such as pM.

The only outstanding issue 1s the appropriate cover thickness for the dryareas, wfticn will be determined through subsequent discussions withJohns-«anv1lle. Any portion of tne "soil cover with vegetation"remedy that was not addressed 1n the above guidelines is acceptable asstated in the draft FS Report.



Paye 3

If you nave any questions concerning tnls letter, please contact meat (312) 886-4742.
Sincerely yours, I
Brad Bradley, Remedial Project Manager IRegion v CERCLA Enforcement Section
cc: Kurt NeioergallFederal Site Management SectionDivis ion of Land Pollution'Control, IEPA

bcc: N. Niedergang, CESR. ulefenbach, CESL. Jonnson, 5C-16

i
I
I

B-23
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If you have any quest ions concerning th i s letter, please contact »ie at

Sincere ly yours,

3rad Vadley, Remed ia l Pro j e c t Manager
Region V SARA Enforcement Sect ion

c c : Kurt Ne i b e r g a l l , E . I . T .
Federal S i t e Managenent 'Jnit
^e- ied ia l ?rojact Mdnagenent Sect ion
Div i s i o n of Land 'o l lat i jn C^itro l
I l l i n o i s Env i ronmenta l Protec t ion Agency
2211 Ch j r c h i l l RoM
Spr i n g f i e l d , I l l i no i s 62716

if*:+~-
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19. PaQe 4-2, Subsect ion 4 . 1 . 1 . 1 - provide a f igure showing the locat ion ofthe referenced monitoring wel ls and insert the fol lowing sentence inthe subsection: "A contingency plan wi l l be developed to take necessary
remedial action in the event that contaminant concentrations which wouldpose a threat to human health and the environment are detected."

20. Page 4-? , Section 4 . 2 , last sentence - Insert " and proviie-J «it'n t-.^e
same cover thickness as the re-naining dry disposal areas' after tin
word "close-l . 14

21. Page 4 -4 , Subsect ion 4 . ? . ! . ? , last subpoi-nt - add "in order to comply
witli the requirenents of NES'HAPS" to the end of the ex i s t i ng sentenceand add the fo l lowing sentence: "The warn ing s igns nay be reioved after
tha s i t i i i -Med ia te l i-vi f inal ,1 )sure of the asbestos p it ."
Page 4-5 , First Paragraph - insert the fol lowing sentence in the para-graph: The northeast corner of the niscel laneous disposal pit, whichis presently open, *ill "5e elevated, preventing surface water fron
ex i t i ng said p i t . "

t ion i . ? . l ,6 , first sentence - the beg inn ing shou ld
read "One layer of nominal 12" th i c k l imes tone riprap witn 4" th ick

"
23. Page 4-5 , Subsect ion

read "One layer of n
o-jdding mater ia l would be . . .

'.4. Page 4-5 , Subsactlon 4.?. l . s i , - insert the fol lowing sentences 1n the
subsect ion: "A contingency plan wi l l be Inpl i '.anted to ens-ire that
isbestos-contain ing s l jdg-e is not dredged in tie future. This contin-
gency p lan wil l include the discont inuance of l-*l j i ij ict iv it ies in t'-i
33-acre settl ing pond. Any sludge removed from the 33-acre pon-1 inthe futjre wi l l be treated as asb » s io s-conta in ing waste and wi l l ^e dis
posed of accordingly. 14

1'i. 3^ge 4 . 7 t Sect ion 1 . ^ , f ifth sentenca - l i s t t'v« three ac t i v e - < a s t3 j i i -
posa l areas refe^'-e-l :;o h-2.-?.

?T. 3age 4-3 , Subsection 4 .3 . 1 . 1 • insert the fo l io -/in , i-i-i:enc* a't»r t ie
first sentence: "\reas in the southwest and no--: ;n »ast :.;rners of :hes i ts wi l l also be covered."

?7 . ?age 5 -7 , Subsect ion 5 . 2 . 1 , Last Paragraph , f i r s t sentence - the s en t -ence shou ld be a-nended to read "Loca l and S t a t e pve»":nants ' iav . > • • >-
^u irements that are conp i t i ' j l e -y i th thosa aoov? for sp e c i f i c s i t e
c o n d i t i o n s . "

23. Page '5 -9 , Subsection ^ . ? . 1 . 5 , first sentence - replace "has been v ir-
tually none" with "to d-ite has been n i n i -Ta l . "

21. 3age 5 - 12 , Subsect ion 5 . 1 . ' , Last °aragraph, f irst sentence - add "Vjson l imited RI samp l i ng " to the end of the sent nee.

B-26
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30. Page 5- 12 , Subsection 5 .3 . 1 , Last Paragraph, second sentence - add"during RI work" to the end of the sentence. I
31. Page 5- 12 , Subsection S . I .? , first sentence - the sentence should be •amended to read " * 1 1 relevent air and groundwater standards 'appear J.to be -iet at this s ite, b.ised on United RI sampling."
32. Page 5- 15 , Subsection 5. J . I . first sentence - insert "appear to" Iafter "at this s i te ."
33. Page 6 -4 , Point 3, Firs t Paragraph, second sentence - delete "iidrevjuirenents" fron the end of the sentence.
34. Page 5-3 - anend the dates in the sch«»dule as fol lows:

Date l isted in document Amended Date >-

November 10, 1935 Oecenber 4, 1915'Ove-nber, 191*5 January, 1937
Tec -Tiber, 1~?,' c.i')r;jary, 1937
January, 1937 February, 19^7February, 1 137 March, 1937

35. Append ix 4, 3a je VI - i n c l ude capita l costs for the In s ta l l a t ion ofthe detection inon i tor in j system in the no action ilternative.
Any statenents aiended by the above COM. lents should 'x* changed an/ /hereelse they appear in the
~ > i s : j > s i o n s subsequent to the meeting w i th J-fl held on Tecenber 15, 1936•v i l l deter . l ine whether U . S . Z*\ and J-M can agree on tMe cover thick-
ness required to remediate tha site. If 'J .S . ?PA and J-M agree, then 1-Msi.all suoiit a final F3 report to U .S . ;9A for review. If : j .S . E°A and
J-M cannot negotiate an acce^tabla cover th ickness , ".^en J-M sha l l f i n a l i 2 8
and submit to : ) . 3 . t^A the r3 Report ./ i^ i a'iy t inor c'^anvjes required in
the Jraft s-j > . i i tted sjhse^uent to th i s co'-ment l-itier, ^nd M . S . 'PA snai l
yivtr i" ad-iend'j-n out l in i ig its reco-i'-iended cov-»r t!n; <ness for inc lu s ion;-i :;u f ina l 'S Report. The fo l lowing schedule shall 15 implemented ".i
resolve t'ne confl icts i-eyarJing co</-r thickness r>?iai i in j ifi;er fia"3ec<?iber 15, 1986 meetina jnd t > ^>rovi i i f^r t:ie subif' .tal of the final "S
Report to M .S . E?A:

in'.; FV ."i*
??, HV5 M.S . '"'A stat*-ient of ac:;, i . i 1 1 • I

cover thickness to )-'1
January 5, 1937 Tesoult ion of renaining cover |thickness disputes

13, 1937 S'^nittii o" ^inal -3 Report
to U .S . i 'A

B-27



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 5

239 SOfTH DEARBORN ST.
CHICAGO, ILLINOIS 60604

SHE- 12

; • < : '935
Marvin Clumpus'reject Coord inator
' lanvi l le Serv i c e Corporat ion3 .0 . Box 5108Denver , Colorado 30217
3a: The Johns-Manv i l l e Wa-jkegan Disposal Area
Dear Mr. C lu i p u s :
The purpose of this letter 1s to formal ize the co.nroents presented toJohns- ' lanvi l le (J- ' l ) 'luring the November 13, 193?5 c >nf er^ic? cal l and
to Kumar Malhotra 5 Assoc ia te s , Inc. during phone calls on Nove-iber ?1336 and November ?4, 1335. A schedule for complet ion of the Feas i-bi l ity Study (FS ) Report is also provided.
The : jnU» j > : ? t2S Environmental ' ' •otection Agency ' J . S . H 3 A) herebyj i s approve-s the secon.1 draft "eas ib i l i ty St'jdy Report for the abovenentioned faci l i ty. In order to receive approval for the ?S Report,
J-M -tust incorporate the fol lowint j oi^ents into the docjnent :
1. Second page of document - the non-disc i os ' jre st^te-ient lust '<•>•*aeleted fro-n the document.

e 1 - 1 , Sec t i on l.l, 'irst Paragraph , last sentence - de lete'he statement "out wi th in the range observed at jt'-ier iT i n ^ t r ' . i ?
locat ions" from the sentence.
3age 1-4, Section 1 . 5 , ?irst Paragraph, Third sentence - replace
"is considered acceptable" *it'n "is likely to b-e acceptable."
Page 1- 1 , Sact ion 1 .5 - Add the fol lowing s ta t enn t to th i s s e c t i on :uT'i3 prov i s i on s of the S.jperfund A'nend:ients and ?eauthor izat ion Actof 1^35 (SARA) have been cons idered, and a cove** ' lon i toMng program,to be nutual ly agre^J j.jon ny • ) . > . ??A and the " l invi l le Sales Corpora-
t ion , wi l l be developed to attain the new c lean j j j s tandards contained
in Sect ion I2l of SARA. " Th i s state-ne.it should a l so '33 inserts! I'M 1'vdocument at any other po int where the reco-nmenclieJ a l tarnat ive is su i-• l a r i z eo (e .« j . Se c t i o n ''.l.l, second subpar^grapn ; Sect ion T . ? , subpo i n t
3 , e t c ) .
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5. Page 2- 1 1 , First °aragraph, s ix th sentence-replace "contaminants appear •to be" with "contaminant * *en» observed to be." •
> . Page 2-1? , Subsect ion ?.?. ! i , Second Paragraph , last sentence'- "f iber-;/ I!»T" snould be changed to "f ibers/cc ." I
7. Page ? - 12 , Subsect ion ? . 2 . 5 . Third 5ari . jraph, second sentenca - "T i v i s i o n Iof tne ^Di l u t i on Contro l " should be "D iv i s i o n of Air ̂ Di lu t ion Contro l . "
3. ?age 2-11, Subsect ion ? . ? . S , Third Paragraph , second sentence - "f iber/:iil" should be changed to "f i l l ers/ cc . "
9. 'age 2 - 1 5 , First Paragraph , f irst sentencs - replace "at Me site isof" w i t n "at tne s i t e i ; >oears to bs of . "
13. Dags 2 - 15 , Th i rd 'aragraph , second sentence - "does iiot threaten"be "Joes not appear to threaten . "
1 1 . ° age ? - 15 , Suosec t i on 9 . 7 . 7 , l ist sen tence- " con tam inan t s and absenceof" should be "contaminants j.nl ir>,)arent absence of."
12. Page 2 - 15 , F i r s t Paragraph , l ist sentence - add "based on l i n i t e-1 daticollectel during the 71" to cue end of t!ie s stance.
13. °age ?-17, Second Subpar.vjrap^, second sentenca - the end of the sent-ence should read " jncJer e < i s t i ng a l ka l i ne cond i t i on s and the boundnature of lead in the *aste ia- : '?r ia l s . "
14. ?age 2 - 17 , Third Subparag raph - the beg inn ing s t o uM read "Sub-sur-face soil below the vatsr table is not p2rce iv- > 1 ". ) 'vj i con', i i i i ition

source bas i- j on l i n i t e d 11 samp l i i g , an.1 i ts r e i ) v a l b e l ow . . . "
1 -3 . Oage 1-1?, Subsection ^ .4 . 1 , Second 9aragrap : i , c i rst s^nten-.? -

"of t"« s i t e i s not conta i in- i te ' 1 v/ l e aJ " .v i tn "7f che s i t e ^po
not t) :>- ; j-r. iiiir. »1 '>y l->aJ."

15. Jage 4-2 , f irst co-nplete sentence - -e^l 10.3 " ) ; • , jr= that" vith " .Jetec *

17. ^age 4-2 , Subsection l . 1 . 1 . 1 , first sentence - v ' ie parenthetical state-
lent shou ld be amended to read "suci i s pH, S O t , NO-^ -N , Cr, Al, "1 ,
spec i f i i ; -^irv1 ic*. - jnce , t o t a l alk j l i-p'ty, ,^ i tac^ 'orop' ie : io l , ai l v j l a t i l a
organic CJ i pJ jT ' s in.!i .; it» l ' ly U .S . "PA scans " -. ml ' ' 1?."

H. Pag. j 4 -2 , Subsection l.l.i. .1, last sentence - tie first jar^nthe*. icalstateient should real "3 ur.h ;f tna s i te , 3 * ist of eastern s i te
boundary, two of ,vhi: i w i l l be to vei l c l u s t e r s , one .vest and on.* s r j L ' i I
of tie s ite ." I
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APPENDIX C

UPFREEZING COVER THICKNESS ANALYSIS
BY

GOLDER ASSOCIATES



Colder Associates
CONSULTING GEOTECHNICAL AND MINING ENGINEERS

November 6, 1986 Our ref: 8 6 3 - 2 0 4 1

Manv i l l e Service Corporat ion12999 Deer Creek Canyon RoadHail Stop 3-25Uttleton, Colorado 80 127

ATTENTION: Mr . Marv i n Clumpus . P . E . . Senior Engineer

RE: UPFREEZING COVER THICKNESS ANALYSIS -- TO THREE FEET -- PREL IM INARY
ESTIMATES FOR THE WAUKEGAN, ILL INOIS PLANT WASTE DISPOSAL AREA

Dear Mr. Clumpus:
The attached UPFREEZ5 computer output extends the cover th i ckne s se s(TCT) analyzed to 3.0 ft and also extends the extremes in F to 0.5 for Sto 50%. These resu l t s can be used to examine the impl i cat ions of coverin excess of 2.0 ft and a lso effects of extreme and very extreme va lue sof F and S.
The condit ions and assumpt ions are identical to the UPFREEZ5 outputtransmitted to you on October 27, 1986. You wil l note that extend ing
TCT to 3.0 ft required modification to the output format of UPFREEZ5because upfreeze es t imate s were too large to fit across the page . Theseoutput format mod i f i ca t i on s are conta ined in UPFREEZ5X . Ca l c u l a t i o nprocedures and assumptions are all unchanged.
As in our October 27 transmi t ta l , these pre l iminary est imates are forupfreezing of objects less than about four or five inches in s i ze(X - A < 6.3 ft) init ial ly located at the bottom of the Hl-TCT-ft cover( i . e . , at the top of the waste p i l e ) . We understand th is s i ze of ob jecti s cons idered the cr i t i ca l s i ze for upfreez ing by EPA ' s consu l tant
Mr. Richard McGaw, P . E .
These pre l im inary e s t ima t e s make the as sumpt ions shown on the prog-am'UPFREEZE5X computer output . Var iab l e s , symbols and the^'r re lat ion toobject upfreezing are defined using the upfreezing equation (Eq. 1) inTable 1 .

C-l

HOLDER ASSOCIATES INC. • 4104-tOTN AVENUE N E . MEDMOND (SEATTLE). WASHINGTON MOU U S A • TELEPHONE a06l M3-07T7 • TELEX 510*007*"
OFFICES IN CANADA • UNITED STATES • UNITED KINGDOM • AUSTRALIA



November 6, 1986 2 863 -204 1

Preliminary est imates shown on the attached UPFREEZ5X output indicatethe fol lowing for cover thickness of 1.5 ft to 3.0 ft.
• A moderate-heaving, moderate-stabi l i ty cover (S-10%, F - 0 . 1 ) *provides lower bound [ i . e . , LBOND or UP .YRS * ( 1 - CV ) ]upfreezing protection of: . I

518 years for 1.5 ft of cover808 years for 2.0 ft of cover •- 1 , 399 years for 2.5 ft of cover I- 2 ,749 years for 3.0 ft of cover
R50 (50-year rel iabi l i ty) is 100% in each case .

e For extreme condit ions of h igh-heav ing and poor-stab i l i ty(S-30%, F-0 .3 ) lower bound (LBOND) est imates are: ^
71 years for 1.5 ft of cover154 years for 2.0 ft of cover427 years for 2.5 ft of cover- 1 ,881 years for 3.0 ft of cover

R50 (50-year reliability) is 100% in each case.

t Sensit iv ity to values of S and F.beyond expected extremesshows R50 (50-year reliability) estimates:
- For a 1.5 ft cover R50 is or exceeds 90% for allS < 50% and F < 0.3 or for all F < 0.4 and S < 30%.
- For a 2.0 ft cover R50 is or exceeds 99% for allS < 50% and F < 0 . 5 .
- For a 2.5 ft cover the R50 is 100% for all S < 50% and F< 0 .5 .

Please call if you need any clarification, elaboration or furtherd iscuss ion .
Sincerely,
GOLDES ASSOCIATES

•Char l e s L. V i t a , P . E . . •Senior Project Manager
DMCC/CLV/111 I
Attachment I

C-2
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Table 1Ufr» »?1no Eouatlen (Co. 1) and UPFP.EE75 Output

U • Upfreezing distance of buried object. In program UPFREEZS U 1s the coverincrement (0.1 ft) for DELTA and Hl-TCT for UP.YRS for total cover thicknessTC7.
X • Projected length of buried object.
Note all projected lengths are perpendicular to the freezing front--1 .t . , verticalfor flat ground and for sloping ground Inclined from vertical towardhorizontal by the slope angle of the ground.
A • Projected length of buried object required for adfreeze to overcome anchoragebefore uplifting can occur.
T • Projected length of burled object below •ailaum depth of freezing front. 7 Isa function of object depth below top of cover. T and C are functionallyrelated.
Note (X • A • T) 1s the effective portion of the object over which frost heavingcan cause upfreezing. (X • A) 1s called EPS.UF In program UPFEEZC5.
S • Average heave strain over the distance (X • A • T).
F • Heave fraction not recovered en thawing.
C • Effective number of complete freeze thaw cycles over the distance (X - A • T).C Is modeled as a random variable to reflect the uncertainty in future yearlythermal loads (freeze Indexes, FI) and thermal capacity of the waste pile andcover soil (to eiaintain frost out of the waste pile or Maximize T). Thermalloads are modeled us ing a lognonnal distr ibut ion based on a conservativeInterpretation of 1 9 4 9 - 8 5 Waukegan FI est imates . Thermal capacity (TC) Is•cdeled using the modified Berggren equat ion and thermal geotechnicalassumptions, as stated on the program UPFREEZS output. In UPFREEZ5 C 1sest imated as FP (probabi l ity of having frost to the depth HI In any year) andFPY (return period for a frost table at H I ) . Results are displayed asaverages (AVS) ± a coefficient of variation (CY»).
Program UPFREEZS: 1. Searches for (X - A - T)«C which maximizes U for given Sand F, subject to (X-A) < £PS .UF . Maximum (X-A) Is displayed as H3M. 2. Calculatesaverage years to upfreeze through an Increment ( s e t-O. I ft) of cover, DELTA,estimated as [0.1/(X-A-T)«C*F»S] . J. Calculates average years to upfreeze theobject, UP.YRS, as the sum of DELTA for HI from 0.1 to the total cover thickness,TCT. A minus one standard deviation estimate, LMND, an absolute lower bound,ABOND, and the est imated reliabil ity that upfreezing through- the cover will takeSO years or anre. RSO, are also calculated and displayed.
A more refined estlMte for years of protection against upfreezing for a cover ofth ickness TCT 1s UP.YRS for Hl-TCT using cover thermal properties plus thedifference In DElTA for Hl-TCT between UP.YRS for the cover thermal properties 1nH3 and UP.YRS for Haste pile properties In H3.
All estiMtes art conditional am S and F, and EPS.UF.

Colder Associates



SAVED w-we.* FILE fw-lt: UFF1-5X DATE: 16- ; : - l * = i
TIME: 1 7 : 0 4 : 1 3

PROBABILISTIC GEOTECHNICAL THERMAL A'JALYSIS
1-LAYER FINE-GRAINED COVER SYSTEM

I
MODIF IED NBERGGREN EQUATION WITH KERSTEN K'S

PROPERTIES OF COVER I
COVER LAYER PRN DENSITY- 100 PCF , WATER CONTENT «2C> . '*'/. < SOX SAT) K'0' . £ = ' T .C :
AVERAGE HEAVE STRAIN « lev. TO 5eX , I
FRACTION OF HEA"E NOT RECOVERED CN THAI J ING <R> - 0 . 1 6 TO 9 . 3 f

c- WASTE PILE USE THE SA,":E VA
PROCERTIES OF W«STE FILE

Pl : : r-C' c- INED S C I LLTJ-?: :E . -J c-rr DENSITY - le * . I P C F J , U<ATEP CC--JTENT » 20' . '.£(?••: S**T> : c . : - - . •=A"EP-:-E HI--E STF^IN - ic'-: TO sc-.
FF-vTIC-.' OF HEAVE NOT RECOVERED CN THAWING <R> « 0 . 1 0 TO * .5'?

THERMAL LOAD i r ^FORr iATiON
F=EEZE INC'EX (F I ) FOR WA^KEKGA,^ ASS'JMED LOGNOPMAL WITH MEAfJ 5i ST«.i:-=:> rE . ' I ^F=? : H I C " : F : C A L DAT^ i9«;?-sci TO i ?S4- £5 EXCEPT i9si-£3 (TOTAL « 25 >E«=: '
LCiNC-Fr^L FPEEZE If-iOE^ (THEP'IAL LOAD) : ME«N=S43, MEDI*N«S36 , SD=22C , C"=-? . : "SD:LN F i 3 - e . 3 c5 , SKEWNESS*! .277 h :,.E"E
CffJSEPV^TlVE LOGf'iuF.MttL ENVELOPE USED FOR FREEZE INDEX: <- ED I AN » 875, ME-'. -

S&rL? i F I J «C-. i : f
ALL YEAC= HA'.'E HISTORICAL FI FREC-'.'ENCY <* FOPCAS^ED <PPEDI C^ED^ PFC-e-E I L ITI E

\ : * e3-S-i [ F I » l20e3 LIES ON THE ENVELOPE ALL OTHER TEARS ARE EELOM)

UPFREEZING iNFOR.MATIOf^ — EQUATION: U « <X - A - T) * S * R * C

EFFECTIVE PARTICLE S IZE (X - A> IS E PS.UF » v ,3Q FT
AVE=r,C-i HEAVE STRAIN ( S) » 16 '". TO 53 X
F=*C~ICN OF HE^VE NOT RECOVERED Ot-i THrt.-.'ING <P5 « P . i e TC C . SC
EFFECTIVE NUMBER OF COMPLETE FREEZE THAW CYCLES ( C) • NU*:EEC . Or ?FEEZE

OEnPS' * P .H3
» NOTE: BOTH C AND P .H3 ARE DEPTH DEPENDENT

I
I
I
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THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5 — 16 -3 1 - 1 986
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

X X X X X X YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS * * * * * *
OBJECTS HAVE <X - A) • 8 . 3 0 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE— BOTTOM OF COVER OF TOTAL THICKNESS • TCT
THERMAL .LOAD FREEZE INDEX < F I ) : LOGNORMAL W/ MEDIAN - 873 MEAN » 935 SD.LN- .365
HI

H3M
H3

DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS. - 100 PCF, WATER CONT.- 20.3'' . (Be 1/. SAT) KU » e . 8 1
FROZEN DRY DENS. « 90 PCF, WATER CONT.- 29. T/. C/L - .C085 L«3*58 K F - 1 . 1 5
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WASE PILE OF SOIL— HAVING:
UNFROZEN DRY DENS. - 1 *0 PCF, WATER CONT.- 20. 3X (80X SAT)
FROZEN DRY DENS. » 96 PCF W^TER CONT.- 29. r/. C/L- .6085 L-3658

H>6.81
K r - 1 . 1 5

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S - 16X ,
HEA"E FRACTION NOT RECOVERED ON THAWING, F • 6 . 1 0 ,
LAMBDA*SGRCN-FACTOR] » .70 (AVG) . 10 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ kERSTEN KF'S AND * 25X
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R l . 3 - 0 . 0 0

95X OF MAX L

- 25X ERROR IN KF 'S

FPY - AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND PETUFN PER IOD
UP.YRS - ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSCRATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 0 FT

FOR Hl-TCT: UP.YRS IS AN ESTIMATE <«• OR - CW.) OF YEARS TO UPFREEZE THRU COVER
LBOND « 1 STANDARD DEVIATION LOWER BOUND (LB> ,
ABOND « ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVEP FACTOR AND EPS .UF
R50 - ESTIMATED RELIABIL ITY (PROBABILITY) UP .YRS EXCEEDS 50 YEARS

FT F-DEG*DAYS
HI TC(AVGiCV)
1 . 0 0
. 1 0
.20
.30
.40
.50

1 . 60
1 . 7 0
1 . 30
1 .90
2 . 0 0
2 . 1 0
2.20
2.302 .40
2.50
2 .60
2.70
2 .60
2 .90
3 . 0 0
3 . 1 0

166
225
263
3 15
365
4 19
477
539
604
673
745
622
902
986

1973
1 165
1260
1358
146 1
1567
1677
1791

3 8X
38V.
38X
38V.
3 8X
38V.
3SX
38V.
38X
3 8X
39X
3SX3 ex
38V.
38V.
38X
3 8X
38X
38X
38X
38X
38V.

PR08.
FP<AVG4<CV)
.9998
.9993
.9953
.9861
.9670
.9351
.8898
.8337
. 7 7 1 1
.7067
.6440
.5347
.5289
.4759
.4250
.3755
.3276
.2816
.2383
. 1984
. 1625
. 1 3 1 0

exexex
IX3V.
7X

12X
19X

28V.
39X
49X
59X
69X
76X
83X
87V.
9 IX
94X
95X
97V.9 ex
98V.

COVER
FPY

1
1
1

2
2
3
4
5
7
1 1
18
28
47
78

133
229

THERM*———— ,̂L PR
'EARS

UP.YRS CV
334
368
403
43*
478
522
572
631
706
804
938

1 1 3 0
1 4 1 5
1650
2523
3589
5319
8186

13022
2 1 3 0 4
35677
6090 1

©Xexex
0Xex
IX
2X
3%5V.
9X

14X
2 IX
30X
40X
SIX
6 IX
70X
78X
84X
89X
92X
95X

OPERTI
LBOND

334
368
403
439
477
518
563
6 1 3
669
734see
894
994

1 1 10
1244
1399
1579
1793
2050
23622749
3233

ES IN
ABOND

333
367
460
433
46750*
533
567
600
633
667
700
733
767
800
833
867
900
933
967

1 0 0 0
1033

H3 (
X

R5tfi ee
100
) 0 0i0eiee
IPu
1 0 0
100
1 C P
106
100
1 0 6
1 0 0
109
100ieeleeie0100
1 0 0
1 0 0
106

R 1 . 3= 1 )
YEARS FT
DELTA

34
34
36
38
4 1
46
54
66
84

1 1 2
157
228
343
526
826

13 12
2 1 4 8
3585
66B6

1 0 4 7 9
1 8 2 6 6
3 2 1 8 2

H3M
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 2e . 2
0 . 2
0 . 2
0 . 2
0 . 2
0 . 2
0 . 2
0 . 2

W-STEPILE
YELP'S FT
DELTA

34
34
35
37
4 1
46
53
65
65: 1 1

1 55
225
339
523
8 1 5

1304
2 1 3 4
3563
6047

I P - 1 2
1 8 1 5 1
3 1 9 6 1

H3M
6 . 3
0 . 3
0 . 3
6 . 5
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
9 . 3
0 . 2e . 2e .2e .2
0 . 20 . 2
0 . 2
0 . 2
0 . 2
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S-10X

THERMAL AND UPFPEEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5 — 18-31 - 1964
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

X X X X X X YEARS TO UPFREE2E OBJECTS THRU COVER — PRELIMINARY RESULTS f c X X X X X
OBJECTS HAVE (X - A) » 9.39 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT I
TOP OF WASTE PILE— BOTTOM OF COVER OF TOTAL THICKNESS - TCT
THERMAL LOAD FREEZE INDEX <FI) : L06NORMAL W/ MEDIAN » 875 MEAN - 935 SD.LN-.365 |
HI • DEPTH OF COVER ABOVE OBJECT, STARTING AT H 1-TCT [FT] — FINE-COINED «OIL

UNFROZEN DRY DENS. - 100 PCF, WATER CONT.- 20 . 3X (68X SAT) HJ-0.81 |
FROZEN DRY DENS. « 90 PCF, WATER CONT.- 29.7X C/L-.06B5

H3M - OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 - WASE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.- 100 PCF, WATER CONT.- 20.3X <80X SATj
FROZEN DRY DENS. « 96 PCF WATER CONT.- 29.7X C/L' .60£5 L-36?5

KF - 1 . 1 5

KLi-0.81
kF-J . 15

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S - 18X, 95X OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F • 0 . 20 ,
LAMBDASSCJRCN-FACTOR3 - .76 (AVG) . 10 (SD>

ESTIMATES USE MOD. 6ERGGREN EOU. W/ KERSTEN KF'S AND * 25X - 25X ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K l .F AND K3.F , R1 .3»0.«0
FPY • AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YR5 - ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3> BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHD«I OBJECT IN H3.
CONiERATIVE FOR ALL OBJECTS HAVING <X-A) < 0 .36 FT

FOR Hl-TCTi UP .YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
L60ND « 1 STANDARD DEVIATION LONER BOUND C L B > ,
ABOND - ABSOLUTE LB FOR HEAVE STRAIN, -UNRECOVER FACTOR AND EPS .UF
R50 « ESTIMATED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 50 YEARS

rr F-OEG»DAYS
HI TC(«VG«.CV>
1 .00
1 . 1 0

.20

.30
.46
.50
.69
.79
.80
.90

2 . 8 0
2 . 1 8
2.29
2.38
2.48
2.50
2.69
2.79
2.80
2.98
3 .88
3 . 10

186 38X
225 3 8X
268 38X
315 38X
365 38X
419 38X
477 38X
539 38X
684 38X
673 38X
745 38X
822 3 8X
982 38X
986 38X

1073 38X
1 165 38X
1268 38X
1358 38X
2461 38X
1567 38X
1677 38%
1791 38X

PROB.
FP(AVGkCV)
.9998
.9988
.9953
.9861
.9670
.9351
.8698
.8337
. 7 7 1 1
.7867
.6440
.5847
.5289
.4759
.4250
.3755
.3276
.2816
.2383
. 1984
. 1625
. 13 10

exexex
IX
3Xrx

12X
19X
28X
39X
49X
59X
69X
76X
83X
87X
9 IX
94X
95X
97Y.
98X
98X

COVER
FPY

1
1
1

2
2
3
4
5
7
1 1
18
28
47
78

133
229

THERMS———— >,L PR
'EARS

DPERTI ES IN
UP.YRS CV LBONO ABOND

167
184
2C1
220
239
261
286
316
353
402
469
565
706
925

1262
1795
2660
4093
651 1

10652
17838
30450

exexexex
0X
IX
2X
3X
5X
9X

14X
2 IX
36 X
40X
SIX
61X
78X
78X
84X
89X
92X
95X

167
164
201
2 19
239
259
291
306
335
367
404
447
497
555
622
699
790
897

1025
1 1 8 1
1374
16 17

167
183
260
2 17
233
256
267
263
300
317
333
350
367
383
406
4 1 7
433
450
467
483
560
5 17

H3 (
X

R50
100
100
100
100
166
100
160
100
160
100
100
108
180
168
160
188
108
100
186
160
186
180

R l .3- 1 )
YEARS FT
DELTA H3M

17 0 .3
17 0 .3
IB 0 .3
19 0 .3
20 0.3
23 0 .3
27 6 .3
33 8.3
42 6 .3
56 8.3
78 6.3

1 1 4 8 . 3
17 1 8 .3
263 0.2
4 1 0 8 . 2
656 8 .2

1874 8 .2
1793 8.2
3643 8 .2
5239 0 .2
9133 0 .2

16091 0 .2

W^STEPILE
YEARS FT
DELTA

17
17
IB
19
20
23
27
32
41
55
77

1 12
169
262
408
652

1067
1781
3023
5206
9676

15991

H3M
0 . 3
0 .3 ^
0 . 3
0 . 3
0 . 3
0 .3
0 . 3
0 . 3
8 . 3
8 . 3
8 . 3
8 . 3
8 . 3
8 . 2
8.2 .
0.2 |
8.2
8.2 .
8.2 1
8.2 •
0 .2
0.2 •

C-6



THERMAL AND UPFftEEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5 — 10-31- 1986
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

XXX.XXX YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS X X 4 X X X
OBJECTS HAVE (X - A) » 0.38 FT (EFFECTIVE PARTICLE SIZE, EPS.UF> STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS * TCT
THERMAL LOAD FREEZE INDEX <FI > : LOGNORMAL W/ MEDIAN - S75 MEAN • 935 SD.LN-.365
HI » DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT CFTJ — FINE-GRAINED SOIL

UNFROZEN DRY DENS.-1C0 PCF, WATER CONT.- 20.3X <80X SAT) KU-fl .81
FROZEN DRY DENS. « 90 PCF, WATER CONT.- 29.7X C/L-.0085 L-3653 KF- l . 15

H3M - OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 » WASE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.-100 PCF, WATER CONT.- 20.3% < 80X SAT) KU-fl .81
FROZEN DRr DENS. " 90 PCF WATER CONT.- 29.7X C/L-.00S5 L-3653 KF-J . 15

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S » 10X,
HEAVE FRACTION NOT RECOVERED ON THAWING, F - 6 .30 ,
LAMBDA*SQRCN-FACTORJ • .70 (AVGJ .10 (SD>

ESTIMATES USE MOD. BER'SGREN ECU. W/ KERSTEN KF'S AND * 2'.
CORRELATION COEFFICIENT BETWEEN K l .F AND K3.F , R 1 . 3 -0 .00

95X OF MAX L

- 25X ERROR IN KF'S

FPY - AVG YEARS TO FIRST FROST PENETRATION TO DEPTH Wl AND RETURN PERIOD
UP.YR5 « ESTIMATED YEARS FOR OBJECT UPFREEZIN'G FROM HI (FOR HI PROF 5 IN H3> BIT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 30 FT

FOR Hl-TCTj UP.YRS IS AN ESTIMATE (* OR - CV%> OF YEARS TO UPFREEZE THRU COVER
LBOND » 1 STANDARD DEVIATION LOWER BOUND <LB) ,
ABOND • ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR Ar,'D EFS.UF
R50 » ESTIMATED RELIABILITY cPROBABILITY) UP.YRS EXCEEDS 5tf YEARS

FT F-DEG*DAYS
HI TC(AVG4<CV>
' . 0 0

,4. 10
1 .20
1 . 30
1 . 4 0
1 .50
1 .60
1 .70
1 .80
1 .90
2 .00
2 . 10
2.20
2.30
2.40
2.50
2.60
2.70
2.80
2.90
3 .00
3 . 10

186
225
268
315
365
419
477
539
604
673
745
622
902
986

1073
1 165
1268
1356
1461
1567
1677
1791

38X3 ex
36X3 exsex
3SXsex
38%sexsexsexsex.3 ex
38X
36X
38%
38%
38%
38%
38%
38%
38%

COVER THERMAL PROPERTI ES IN
FPCAVGiiCV) FPY UP.YRS CV LBOND ABOND
.9998
.9988
.9953
.9861
.9670
.9351
.6998
.8337
.77 1 1
,70<&7
.6440
.5847
.5289
.4759
.4250
.3755
.3276
.2816
.2363
.1984
. 1625
. 13 10

0% 1
0X
0X
1%
3%
7%

12%
19%
28X

1 1 1
123
134
146
159
174
191
210
235

39% 2 268
49% 2 313
59% 3 377
69X 4 472
76X 5 617
83X 7 64 1
87% 1 1 1 196
91% 16 1773
94X 28 2729
95X 47 4341
97X 78 7 10 1
98X 133 1 1892
98% 229 20300

0%
0X
0X
0%
0X
IX
X'.
3%
5%
9X

14X
21%
30%
40X
SIX
61%
70%
78%
64X
89X
92%
95%

1 1 1
123
134
146
139
173
189
204
223
245269
298
331
370
415
466
526
596
683
787
916

1078

11 1
122
133
144
156
167
178
18?
200
2 1 1
222
233
244
256
267
278
289
300
3 1 1
322
333
344

H3 (
R5(3
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

vr^ipcT twW O
DELTA

1 1
1 1
12
13
14
15
18
22
28
37
52
76

1 14
175

.273
437
716

1 195
2029
3493
6089

10727

pf vr^ec ffrr
H3M
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.3

.3

.3
.3
.3
.3
. 3
.3
.3
.3
.3
.3
.3
.2
.2
.2
.2
.2
.2
.2
.2
.2

DELTA
1 1
1 1
12
12
14
1?
13
22
26
37
52
75

1 1 3
174
272
435
7 1 1

1 188
2016
3471
6050

1066 1

r I
H3M
0 .3
0 .3
0 . 3
0 . 3
0 . 3
0 . 3
<? . 3
0 . 3
0 . 3
0 .3e . s
0 . 3
0 . 3
0 .2
0.2
0 .2
0 .2
0 .2
0 .2
0 .2
0 . 2
0 . 2
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S-10X F -3 .40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREE25 — 18 -3 1 - 1984
MANVILLE WAIJKEGAN, ILL PLANT WASTE PILE

X X X X X X YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS X S X X X X
OBJECTS HAVE <X - A) » 0 .30 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS • TCT
THERMAL LOAD FREEZE INDEX < F I > : LOGNORMAL W/ MEDIAN - 873 MEAN • 935 SD.LN- .365
HI -

H3M
H3

DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT CFTJ — FINE-GR*INED SOIL
UNFROZEN DRY DENS . - 168 PCF, WATER CONT.« 20.3V. (86X SAT) KU-0 .8 1
FROZEN DRY DENS. » 98 PCF, WATER CONT.- 29.T/. C/L- .0035
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
W**SE PILE OF SOIL—HAVING:
UNFROZEN DRY DENS . - 106 PCF, WATER CONT.
FROZEN DRY DENS. » 98 PCF WATER CONT.

L-3c5S KF - 1 . 1 5

20.3T. (86X SAT)29.?:: c/L-.0ess L-365S kF - 1 . 15
^5X OF MAX LBOTH COVER AND WASTE PILE USE HEAVE STRAIN, S » 10X ,

HEAVE FRACTION NOT RECOVERED ON THAWING, F « 0 . 4 0 ,
LAMBDA* SGRCN-FACTCF: ] - .70 (AVG) . 10 (SD)

ESTIMATES USE MOD. BERGGREN ECU. W/ KERSTD>I KF'S AND * 25X - 25X ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 .F , R 1 . 3 - 0 . 0 6
FPY - AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS * ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3> BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 0 FT

FOR Hl-TCT: UP .YRS IS AN ESTIMATE (* OR - CVX> OF YEARS TO UPFREEZE THRU COVER
LBOND - 1 STANDARD DEVIATION LOWER BOUND ( LB > ,
ABOND - ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R50 » ESTIMATED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 50 YEARS

I

FT F-DEG*DAYS
HI TCCAVC&CV)
1 . 0 8
1 . 1 0
1 . 2 8
1 . 30
1 . 4 8
1 . 50
1 . 60
1 .78
1 . 88
1 .90
2 .08
2 . 1 0
2.28
2.38
2 . 4 0
2.50
2.60
2.70
2.88
2 .98
3 . 8 0
3 . 1 8

186 38X
225 38X
268 3 8X
315 38X
365 38X
419 38%
477 38X
539 38X
664 38X
673 38V.
745 38V.
822 38V.
902 38X
986 38X

1073 38X
1165 38X1260 aey.
1358 38V.
1461 38X
1567 3 ex
1677 38V.
1791 38V.

PROS.
FP(AVGt;CV>
.9998
.9993
.9953
.9861
.9678
.9351
.8898
.8337
. 77 1 1
.7067
.6448
.5847
.5289
.4759
.4258
.3755
.3276
.2816
.2383
. 1984
. 1625
. 1 3 10

8Xexex
IX
3V.
7X

12X
19X
28X
39X
49V.
59V.
69V.
76X
83X
87X
9 IX
94X
95V.
97X
98V.
98X

COVER
FPY

1
1

2
2
3
4
5
7
1 1
18
28
47
78

133
229

THERM*———— *̂L PRC
'EARS

1PERTIE5 IN
UP.YRS CV LBOND ABOND

83
92

1 0 1
1 1 0
120
130
143
158
176
201
234
282
354
462
631
897

1330
2047
3255
5326
89 19

15225

0X
OXoxexox
IX
2V.
3X
5X
9V.

14X
2 IX
30X
40X
SIX
6 IX
70X
78X
84V.
89X
92X
95X

83
92

1 0 1
1 1 0
1 1 9
130
1 4 1
153
167
183
202
223
249
278
3 1 1
350
395
448
512
591
687
808

83
92

1 00
1 08
1 1 7
125
133
142
156
158
167
175
183
192
206
208
217
225
233
242
256
258

H3 (R 1 . 3 - 1 )
X YEARS FT

R58 DELTA H3M
100
180
18*
100
100
1 86
106
100
106
100
180
100
100
1 00
1 0 0
100
100
100
100
100
100
1 0 0

8 6.3
9 6 . 3
9 6 .3
9 0 .3

1 0 0 . 3
1 1 0 . 3
13 6 . 3
1 6 0 . 3
2 1 0 . 3
28 0 .3
39 0 .3
57 0 .3
86 0 .3

132 0 .2
2 0 5 0 . 2
328 0 .2
537 0 .2
896 0.2

1521 0 . 2
2620 0 .2
4567 0 . 2
8046 0 .2

WwSTEPILE
YEARS FT
DELTA H3M

8 0.3
9 0.3
9 6.3
9 0.3

10 0 .3
1 1 0 . 3
13 0 .3
16 0 .3
2 1 8 .3
28 0.3
39 0 .3
56 0 .3
85 0.3

1 3 1 0 . 2
204 0 .2
326 0 .2

.534 0 .2
89 1 0 .2

15 12 0 . 2
2603 0 . 2
4538 0 .2
7995 8 .2

s«

1
1
•
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THERMAL AND UPFftEEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5 ~ 10 -3 1 - 1984
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

X X X X X X YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS X X * * X X
OBJECTS HAVE (X - A) - e .39 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS » TCT
THERMAL LOAD FREEZE INDEX (F I > j LOGNQRMAL W/ MEDIAN - 875 MEAN - 935 SD.LN- .365

1 . 15
HI • DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT tFTJ — FINE-GRAINED SOILUNFROZEN DRY DENS.- 100 PCF, WATER CONT.* 20.3X ce0x SAT>

FROZEN DRY DENS. * 98 PCF, WATER CONT.* 29.7X C/L-.8685 L-3*53 KF«
H3M • OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 " WASE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.- ICO PCF, WATER CONT.«
FROZEN DRY DENS. * 90 PCF WATER CONT."

20.3X <86X SAT)29.7-,'. c/L*.08£5
BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S • I0X,

HEAVE FRACTION NOT RECOVERED ON THAWING, F " 8 . 5 0 ,
LAMED**SGRIN-FrtCTORJ » .70 (AVG) .10 (SD)

ESTIMATES USE MOD. BERC-GREN EOU. W/ KERSTEN KF'S AND * 25X
CORRELATION COEFFICIENT BETWEEN K l . F AND K3.F , R 1 .3 *0 .00

53 KF- l . l !
5''. OF MAX L

- 25/: ERROR IN KF 'S

FRY * AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS • ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 8 .30 FT

FOR H1«TCT: UP.YRS IS AN ESTIMATE <* OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND » 1 STANDARD DEVIATION LOWER BOUND (LB) ,
ABOND " ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R50 « ESTIMATED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 56 YEARS

^T F-DEGXDAYS
HI TC(AVGiCV)

. 80

. 10
.20
.30
.40
.50
.60
.70
.38
.90

2 . 0 0
2 . 1 0
2.28
2.38
2 .40
2.50
2.60
2.70
2.80
2.90
3 .00
3. 10

ISo
225
268
3 15
365
4 1 9
477
539
604
673
745
822
902
986

1873
1 165
1260
1358
1461
1567
1677
1791

3 8X
38X
38X
33X
38X
38X
3 8X
3 By.3 ex
38%
38X
38*X

-38X
38X
38X
38X
38X
38X3 ex
38X
38X
38X

PROB.
FP<AVG4rCV>
.9998
.9983
.9953
.9861
.9670
.9351
.8898
.8337
.771 1
.7867
.6440
.5847
.5289
.4759
.4250
.3755
.3276
.2816
.2383
. 1984
. 1625
. 1 3 10

0Xex
8X
IX
3X
T/.

12X
19X
28X
39X
49X
59X
69X
76X
83X
B7X
9 IX
94X
95X
97X
98X
98X

COVER
FPY

iiii
2
2
3
4
5
7
1 1
18
28
47
78

133
229

THERM*———— •>»L FRC
'EARS

JPERTI ES IN
UP.YRS CV LBOND ABOND

67
74
81
88
96

184
1 14
126
141
161
188
226
283
370
505
718

1864
1637
2684
4261
7135

12180

exexexexex
IX
2X
3X
5X
9X

14X
2 IX
30X
40X
SIX
6 IX7ex
78X
84X
89X
92X
95X

67
74
81
88
95

104
1 1 3
123
134
147
162
179
199
222
249
280
316
359
4 10
472
550
647

67
73
80
87
93

100
107
1 13
120
127
133
140
147
153
160
167
173
180
187
193
200
207

H3 (R 1 . 3 * 1 )
X YEARS FT

R50
100
100
100
103
100
100
100
1 00
100
1 00
100
100
100
100
100
100
188
180
180
100
100
100

DELTA
7
7
7
8
8
9

1 1
13
17
22
31
46
69

105
164
262
430
717

12 17
2096
3653
6436

H3M
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
8 . 3
0 . 3
8 . 2
0 . 2
0 . 2
0 .2
8 .2
8 . 2
8 . 2
8 . 2
0 . 2

WASTEPILE
YEARS FT
DELTA

7
7
7
7
8
9

1 1
13
17
22
31
45
68

105
163
261
427
713

1209
2<?62
3<f30
6396

H3M
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 3
0 . 2
0 . 2
0 . 2
8 . 2
8 . 2
0 .2
8 . 2
0 . 2
8 . 2

C-9



F«e . l0

THERMAL AND UPFPEEZING ANALYSIS ESTIMATES — PROGRAM UPFPEEZ5X — 10 -3 1 - 1936
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

X X X X X X YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY" RESULTS X f t K X X X
OBJECTS HAVE (X - A) « 8 . 3 0 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS - TCT
THERMAL LOAD FREEZE INDEX ( F I > : LOGNORMAL W/ MEDIAN « 675 MEAN » 935 SD.LN- .365
HI « DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT CFTJ — FINE-GRAINED SOIL

UNFROZEN DRY DENS.- 1 PC PCF, WATER CONT.» 28 . 3X ( 80X SAT) KU-C .8 1
FROZEN DRY DENS. - 68 PCF, WATER CONT.« 37.7X C/L» .887d L-4124 HF « 1 . 1 8

H3M « OBJECT LENGTH FOR MAX UPFREE2E, STARTING IN:
H3 - WASE PILE OF SOIL—HAVING:

UNFROZEN DRT DENS . - 100 PCF, WATER CONT.- 28 .3X ( 6 OX SAT> KU-0 .S 1
FROZEN DRY DEN'S. » 68 PCF WATER CONT.- 37.T/. C/L«.007d L-4124 KF * J . l £

BOTH COVEP AND WASTE PILE USE HEAVE STRAIN, S » 20X, 95V. OF M«" L
HE«VE FRACTION NOT RECOVERED ON THAUING, F « 8 . 1 6 ,
LAMED**SORCN-FrtCTOR] « .70 (AVG> . 18 (SD>

ESTIMATES L'SE MOD . E £nC-GP£N EQU . W/ KEPSTEN KF 'S AND + 25X - 251-'. ERPOF. IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R l . 3 - 0 . 8 8
FPY » AVG YEAPS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN' PE S IO: -
UP .YRS « ESTIMATED YE^RS FOR OBJECT UNFREEZING FROM HI (FOR HI PROPS IN H3; BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSEP^TIVE FOR ALL OBJECTS HAVING (X-A) < 8 . 3 8 FT

FOR Hl«TCTs UP.YRS IS AN ESTIMATE <+ OR - CVX> OF YEARS TO UPFREEZE THRU COVER
LBOND « 1 STANDARD DEVIATION LOt-.'ER BOWD (LB) ,

ABD « ABOND - ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R58 - ESTIMATED RELIABILITY (PROBABILITY) U P . n F S EXCEEDS 5G YEARS

=T
•U
.8
. I
.2
.3
.4
.5
.6
.7
.8
.9

2 .8
2 . 1
2 . 2
2 . 3
2 . 4
2 .5
2 .6
2 .7
2 .8
2 .9
3.8

F-DEG*DAYS PROB.
244 38
295 38
351 33
412 38
477 38
543 33
624 38
784 38
789 38
879 38
974 38

1874 38
1 179 38
1288 38
1403 38
1522 38
1646 38
1776 38
1989 38
2848 38
2192 38

.998
.991
.974
.948
.898
.825
.752
.679
.689
.544
.483
.425
.368
. 3 1 4
.262
. 2 1 5
. 172
. 135
. 1 8 4
.878
.858

8.22
8 . 9 1
2 .7 1
6 . 3 1

12 .25
2 0 . 7 8
3 1 . 2 9
43. 16
5 5 . 1 5
66. 14
75.37
82 .68
87 .96
9 1 . 7 7
9 4 . 4 1
9 6 . 2 1
97 .43
98.25
98 .80
9 9 . 1 7
99.42

COVER THERMAL PROPERTIES IN H3 (R
FPY

2
2
3
5
7

12
20
35
63

1 1 5
213
483
773

1499

UP.YRS CVX LBOND ABD
168
186
286
228
254
2SS
332
395
488
632
858

123 1
1866
2984
4999
8 7 1 8

15666
28981
54397

184835
281527

8 . 8 2
8 . 8 7
8 . 2 5
8 . 6 7
1 . 6 8
3 .38
6 . 5 1

1 1 . 56
1 9 . 8 228 .73
48. 18
52. 14
63 .67
73 .68
8 1 . 6 6
87 .59
9 1 . 7 7
94 .6 1
96 .48
97.78
98.49

168 Io7
186 183
285 208
226 217
258 233
273 250
310 267
349 283
395 308
458 3 17
514 333
589 350
678 367
785 383
9 1 7 4 0 0

1 8 8 1 4 1 7
1289 433
1558 450
1 9 1 3 467
2388 483
3834 588

R50
188
1 0 0
188
1 0 0iee
1 80
1 80iec
108
108
100
188
188ide
188
188
188
180
188
188
188

YEARS
DELTA H3

18
19
21
24
29
37
5 1
74

1 1 3
174
279
466
885

1438
2600
4822
989 1

17379
33614
65661

129323

W*
FT
tM
.3
.3
.3
.3
.3
.3
.3
.3
.2.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2

DELTA
18
1"?
21
24
29
37
5 1
73

1 1 2
172
277
462
7«8

1 4 1 8
2579
47S2
9 0 1 6

17233
33345
65 145

128327

I

I
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THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM L'PFREEZSX — 10-3 1 - 1996
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

* * * * * * YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS * * * * * *
OBJECTS HAVE <X - A) - 9.36 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS « TCT .
THERMAL LOAD FREEZE INDEX (FI ) : LOGNORMAL W/ MEDIAN - 875 MEAN « 935 SD.L'4«.365
HI » DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT TFTJ — FINE-GRAINED SOI!

UNFROZEN DRY DENS.- 10G PCF, WATER CONT.« 20.3V. < 80V. SAT) KU-C' . e i
FROZEN DRY DEN'S. * 66 PCF, WATER CONT.» 37.T/. C/L» .007a L-4124 KF«1 . 18

H3M » OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 » WASE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS. » ISO PCF, WATER CONT.» 20.3*-.' < 80X SAT) HV-a .S l
FROZEN DRY DENS. « 6* PCF WATER CONT.« 37. T/. C/L- .6C76 L-4124 KF - 1 . 1 5

20X,
0 . 2 8 ,

OFBOTH CC'VEP AND WASTE PILE L'SE HEAVE STRAIN, S
HEAVE FRACTION NOT RECOVERED ON THAJ-iING, FLAMBDA*SOR:N-FACTOFJ - .70 <AVG> . 10 <SD)

ESTIMATES USE MOD. BERGGPEN EOU. W,' KERSTEN KF'S AND + 25X - 25'-'. ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3 .F , R 1 . 3 - 0 . 0 0
FPY » AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS » ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN Hj> BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING <X-A) < 0 . 3 6 FT

FOR Hl-TCT: UP.YRS IS AN ESTIMATE <+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND « 1 STANDARD DEVIATION LOWER BOUND <LB) ,

ABD » ABOND * ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR Af.'D EPS.UF
R50 - ESTIMATED RELIABILITY' (PROBABILITY) UP.YRS EXCEEDS 5C YEARS

FT
HI

.0':. i
1.2
.3
.4
.5
.6
.7

1 . 8
1 . 9
2 .0
2 . 1
2.2
2.3
2 .4
2.5
2.6
2.7
2.82 .9
3 .0

F-DEG*DAYS PROB.
TCAVGS»CVX FPAVG!<CVX

244 3S
2«5 33
351 33
412 38
477 38
548 38
624 38
704 39
789 38
879 38
974 38

1074 38
1 179 38
1288 38
1403 38
1522 38
1646 38
1776 38
1909 38
2048 38
2192 33

. *98
. 99 1
.974
.940
.890
.825
.752
. <S79
.609
.544
.483
.425
.368
.3 14
.262
.215
. 172
. 135
. 104
.078
.058

0 . 2 2
0 . 9 1
2 .7 1
6 . 3 1

12 .25
20 .70
3 1 .29
43. 16
55. 15
66. 14
75.37
82.60
87.96
91 .77
9 4 . 4 1
96.2 1
97.43
98.25
98.80
99. 17
99.42

COVER THERMAL PROPERTIES
_ _ _ _ _ \te, c,e
FPY

1
1
1
1
1
1
1
2
2
3
5
7

12
20
35
63

1 15
213
403
773

1499

UP.YRS
84
93

103
1 14
127
144
166
197
244
316
429
615
933

1492
2499
4355
7833

14450
27199
52017

100763

CVX
0 . 0 2
0 . 0 7
0 .25
0 .67
1 . 6 0
3 .38
6.5 1

1 1 . 5 6
19 .02
28.73
4 0 . 1 0
52. 14
63.67
73.68
6 1 . 6 6
87.59
91 .77
94 .6 1
96.48
97.70
98.49

LBOND
84
93

103
1 1 3
125
139
155
175
198
225
257
2*4
339
393
458
540
644
779
956

1 1 9 4
15 17

IN H
ABD

83
92iee

103
1 17
125
133
142
150
158
167
175
183
192
200
208
217
225
233
242
250

(3 -:R
X

1 . 3» 1 >
YEAPS

u»
FT

P5'3 DELTA H3M
1C- -?
K-C-iec-
1 00iecii-e
100
I C O
1 0 0
100
1 00100
10 .0
100
100
100
100
100
1 0 0
1 0 0
1 0 0

9
9

10
12
15
19
26
37
57
87

139
233
403
7 15

1300
241 1
4545
8689

16607
32830
64662

.3
. 3̂

,• O
.3
. 3
.3
.3
.3
.2
.2
.2
.2
.2
4 2.2
.2
.2
.2
.2
.2
.2

STEP1LE
YEARS

DELTA
9
9

10
12
14
18
25
37
56
86

138
231
399
709

1289
2391
4508
8619

16673
32572
64164
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S-26X F-0 .30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES ~ PROGRAM UPFREE25X — 16-31 - 1986
MANV1LLE WAUkEGAN, ILL PLANT WASTE PILE

XXXXXX YEARS TO UPFREE2E OBJECTS THRU COVER — PRELIMINARY RESULTS * * * * * *
OBJECTS HAVE <X - A) • 0 .36 FT (EFFECTIVE PARTICLE SI2E, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS • TCT -
THERMAL LOAD FREEZE INDEX (FI) : LOGN3R/1AL W/ MEDIAN - 875 MEAN - 935 SD .LN- .365 *
HI - DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT IFTJ — FINE-GRMlNED SOIL |

UNFROZEN DRY DENS.-166 PCF, WATER CONT.- 20.3X (66X SAT) KU-6 .B 1
FROZEN DRY DENS. - 86 PCF, WATER CONT.- 37.T/. C/L-.0676 L-4124 KF- 1 . 18

H3M « OBJECT LENGTH FOR MAX UPFREE2E, STARTING IN:
H3 - WASE PILE OF SOIL—HAVING:

UNFROZEN DRf DENS . - 166 PCF, WATER CONT.- 26.3% (BOX SAT) KU-C.81
FROZEN DRY DENS. - 86 PCF WATER CONT.- 37,T/. C/L«.067e L-4124 KF - 1 . 18

^
BOTH COVER AND WASTE PILE USE HE*V£ STRAIN, S - 26X, 95V. OF MAX L

HEAVE FRACTION 1 NOT RECOVERED ON THAWING, F - 6 . 3 0 ,
LAMEDA*SO=CN-FACTOR3 » .76 (AVG) . 10 (SD)

ESTIMATES USE MOD. 6ER5SREN E5U. W/ KERSTEf-J KF'S ATJD * 25X - 2K'. ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K l .F AND K3.F, R l .3 -6 .86
FPY » AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS • ESTIMATED YEARS FOR OEJECT UFFREEZING FROM HI (FOR Hi PROPS IN H3> BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 30 FT

FOR Hl-TCT: UP.YRS IS AN ESTIMATE (* OR - CVX> OF YEARS TO UPFREE2E THRU COVER
LBON'D • 1 STANDARD DEVIATION LOWER BOUND (LB) ,

ABD » ABOND - ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R58 » ESTIMATED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 56

FT F-DEC-*:>AYS PROB.
HI TCAVG4.CVX FPAVG1CVX
1 .0
1 . 1
1 . 2
1 . 3
1 . 4
1 .5
2 . 6
1 .7
1 . 8
1 . 9
2 .0
2 . 1
2.2
2 .3
2.4
2.5
2.6
2.7
2 .8
2 .9
3.0

244 38
295 33
351 39
412 33
477 38
548 33
624 38
704 38
789 38
879 38
974 38

1074 38
1179 38
1288 38
1403 38
1522 38
1646 38
1776 38
1909 38
2048 38
2192 38

.998

.991

.974
.940
.890
.825
.752
.679
.669
.544
.463
.425
.368
.3 14
.262
.2 15
. 172
.135
. 1 0 4
.078
.058

6 .22
0 . 9 1
2 .7 1
6 .3 1

12 .25
2 0 . 7 0
3 1 .29
4 3 . 1 6
55. 15
66. 14
75 .37
82.60
87.96
9 1 . 7 7
9 4 . 4 1
9 6 . 2 1
97 .43
98.25
98.80
9 9 . 1 7
99.42

COVER
FPY

2
2
3
5
7

12
20
35
63

1 15
213
403
773

1499

THERMAL PROPERTIES
1 fcF^I™^ ̂

UP.YRS CVX LBOND
56 0 . 6 2
62 0 . 6 7
69 6 . 25
76 6 .67
85 1 .66
96 3 .38

1 1 1 6 .5 1
132 1 1 . 56
163 19 .02
2 1 1 28.73
286 46. 10
4 10 52 . 14
622 63.67
995 73 .68

1666 8 1 . 6 6
2903 87.59
5222 9 1 .77
9634 94.6 1

18132 96 .48
34678 97.70
67176 98 .49

56
62
63
75
83
93

103
1 16
132
156
17 1
196
226
262
306
366
436
519
638
796

1 6 1 1

IN t-
ABD

56
61
67
72
78
63
89
94

166
186
1 1 1
1 1 7
122
128
133
139
144
150
156
161
167

O <R
V.

.3»n
YEf-rRS

WASTEPILE
FT 'rEARS

R50 DELTA H3M DELTA
1 00
160
166
106
160
166
166
186
166
166
168
486
186
108
186
100
100
100
108
160
1 06

6
6
7
8

10
12
17
25
38
58
93

155
268
477
§67

1607
3636
5793

1 1265
21887
4 3 1 0 8

.3
.3
.3
.3
.3
.3
.3
.3
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2

6
6
7
8

16
12
17
24
37
57
92

154
266
473
668

1594
3605
5746

1 1 1 1 5
2 17 15
42776
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F-0 .40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREE25X — 1C -3 1 - 1986
MANVILLE WAUkEGAN, ILL PLANT WASTE PILE

IXMXXX YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS X * * * * X
OBJECTS HAVE (X - A) - 8 . 3 0 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS - TCT .
THERMAL LOAD FREEZE INDEX <FI > i LOGNORMAL W/ MEDIAN - 875 MEAN - 91-5 SC> .LN« .365
HI •

H3M
H3

DEPTH OF COVER ABOVE DEJECT, STARTING AT Hl-TCT [FTJ — FINE-GR-»INED SOIL
UNFROZEN DRY DENS.- 10C PCF, WATEP CONT.« 2C.3X <&C'/. SAT) K'.- »0.e i
FROZEN DRY DENS. » 80 PCF, WATER CONT.- 37. T/. C/L- .C076
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WrtiE PILE OF SOIL— HAVING:
UT .'FROZEN DRY DENS.«16>3 PCF, WATER CONT.« 29 . 3X
FROZEN DRY DD>IS. - 80 PCF W*TER CONT.

L»4lI-4 KF« ] . 13

37 . T/. C/L
SAT>

. 6 C 7 6 L-4124
K'J-C.Bl
KF » i . i S

95V. OF M-Y LBOTH COVER AND WASTE PILE USE HEAUE STRAIN, S - 20X,
HEAVE FRACTION NOT RECOVERED ON THAWING, F - 0 . 4 0 ,
LA.-!5DA>SGfPCN-FACTOR3 « .70 (AVG) .10 < SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND * 25X - 25';. ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K l .F AND K3.F , R 1 . 3 »0 .00
FPY » AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AMD RETURN PER IOD
UP.YRS » ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOP HI PROPS IN H!> BUT

CORRECT UP.YRS FOR DIFFERD>ICE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 30 FT

FOR Hl-TCT: UP.YRS IS AN ESTIMATE (* OR - CV/.) OF YEARS TO UPFREEZE THRU COVER
LBOND » 1 STANDARD DEVIATION LOWER BOUND (LB) ,

AED - AEOND « ABSOLUTE LB FOR HEAVE STRAIN, UNRECCVER FACTOR AND EPS .UF
R5a - ESTIMATED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 50 YEARS

iSTEPILE
YEARS

C-cLTA
4

5
6
7
9

13
18
28
43
69

1 16
200
355
645

1 195
2254
4309
8336

16286
32682

FT F-DEG*DAYS PROS.
H.I TCAVG^CW. FPAVGlkCW.
1 .0
1 . 1
1 .2
.3
.4
.5
.6
.7
.8
.9

2 .0
2 . 1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2 .9
3.0

244 33
295 33
351 38
412 3S
477 38
543 33
624 38
704 38
789 38
879 38
974 38

1074 38
1179 38
1288 38
1403 38
1522 38
1646 38
1776 38
1909 38
2048 38
2192 38

.998
.991
.974
.940
.890
.825
.752
.679
. 609
.544
.483
.41'5
.368
. 3 1 4
.262
.2 15
. 172
. 135
. 1 0 4
.078
.058

0 .22
0 . 9 1
2 .7 1
6 .3 1

12 .25
26 .70
31 .29
43 . 16
55 . 1 5
66. 14
75.37
82.60
87.96
91 .77
9 4 . 4 1
96.21
97.43
98.25
98.80
99. 17
99.42

COVER
FPY

223
5
7

12
20
35
63

1 15
213
403
773

1499

THERMAL PROPERTIES
UP.YRS

42
46
51
57
64
72
83
99

122
158
215
308
467
746

1250
2177
3917
7225

13599
26009
50382

CV/ LBOND
0 . 6 2
0 . 0 7
0 .25
0 . 6 7
1 . 6 0
3.33
6 . 5 1

1 1 . 56
1 9 . 6 2
28 .73
40. 10
52. 14
63.67
73.63
8 1 . 6 6
87.59
91 .77
94 .6 1
96 .48
97 .70
98 .49

42
46
51
57
63
69
78
87
99

1 13
129
147
169
196
229
270
322
390
478
597
759

IN ^

ABD
42
46
5054
58
63
67
71
75
79
63
88
92
96

166
104
108
1 12
1 17
12 1
125

<3 (R .3- 1 )
YEAP5

t
FT

R50 DELTA H3M
6
0

1 6 6
10d
1 0 0
166
100
160
160
106
1 0 0
100
100
Id'0
100
100
108
100
100
100
100

45
5
6
7
9

13
19
23
43
76

1 1 7
201
357
650

1205
2273
4345
8404

1 6 4 1 5
32331

.3

. 3•2

.3

. 3
.3
.3
.3
.2
.2
.2
.2
.22
.2
.2
.2
.2
.2
.2
.2
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THERMAL AND UPFREE2INC ANALYSIS ESTIMATES — PROGRAM UPFREEZ5X — 1 6 - 3 1 - 1 9 6 4
MANV1LLE WAUKEGAN, ILL PLANT WASTE PILE

X X X X X X YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS f t f c * x x x
OBJECTS HAVE <X - A) • 8 .39 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS « TCT
THERMAL LOAD FREEZE INDEX < F X > i LOGNORMAL W/ MEDIATE » 675 MEAN » 935 SP.LN- .3 i5
HI » DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT [FT] — FINE-GRAINED SOIL

H3M
H3

UNFROZEN DRY DENS . - 100 PCF, WATER CONT.- 20 .3X (80''. SAT)
FROZEN DRY DENS. » BO PCF, WATER CONT.- 37.TV. C/L-.6076
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WASE PILE OF SOIL—HAVING:
UNFROZEN DRV DENS. - 108 PCF, WATER CONT.- 20. 3V. (80V. SAT)
FROZEN DRY DENS. » 80 PCF WATER CONT.

KU-0 .8 1
L—J124 KF- 1 . 19

37. C/L- .0076 L-41I4
BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S « 20X,

HE^VE FRACTION NOT RECOVERED ON THAWING, F » 6 . 5 6 ,
LAM£C»A<SOR[N-FACTOR] » .76 <AVG) . 19 < SD )

ESTIMATES USE MOD . 6ERGGREN ECU. W/ KERSTEN KF 'S AND * 25/.
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 .F , R 1 . 3 -0 .60

*5X OF

HI"
KF»

•.K L

' £ . 8 1
1 . IS

1

- 25J'. EPRGR IN KF 'S

FPY • AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP .YRS « ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3> BLT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING <X-A) < 6 . 3 6 FT

FOR Hl-TCT: UP .YRS IS AN ESTIMATE ( + OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND » 1 STANDARD DEVIATION LOWER BOUND ( LB > ,

ABD « ASOND « ABSOLUTE LB FOR HEAVE STRAIN, UNF.ECOVER FACTOR AND EPS .UF
R50 - ESTIMATED RELIABILITY (PROBABILITY) UP.YRS ExCEEC'S 50 YEARS

H- F-DEGXDAYS PROB.
Ml TCAVGfcCVX FPAVGfcCV/.
1 . 0
. 1
.2
.3
.4
.5
.6
.7
.8

1 .9
2 . 0
2 . 1
2.2
2 .32 .4
2.5
2 .6
2.7
2 .8
2.9
3 .8

244 38
2*5 38
351 38
412 38
477 38
548 3d
624 38
784 38
789 38
879 38
974 38

1874 38
1 179 36
1268 38
1483 38
1522 36
1646 38
1776 38
19B9 38
2848 38
2192 38

.998
.99 1
.974
.940
.8 *8
.825
.752
.679
.609
.544
.463
.425
.368
.3 14
.262
.2 15
. 172
. 135
. 184
.878
.856

8 .22
8 . 9 1
2 .7 1
6 .3 1

12 .25
20 .70
3 1 . 29
4 3 . 1 6
5 5 . 1 5
66. 14
75.37
82 .60
67.96
9 1 . 77
9 4 . 4 1
96 .2 1
97.43
98.25
98 .80
99 . 17
99.42

COVER
FPY

1
1
1
1
1
1
1
2
2
3
5
7

12
20
35
63

1 15
213
483
773

1499

THERMAL PROPERTIES
——— YEARS ———————
UP.YRS CVX LBOND

34 0 . 0 2
37 6 . 6 7
41 6 . 25
46 0 . 6 7
5 1 1 . 6 0
53 3 .38
66 6 . 5 1
79 1 1 . 5 6
98 1 9 . 0 2

126 23 .73
172 40. 16
246 52. 14
373 63 .67
597 73 .68

1660 6 1 . 6 6
1742 87 .59
3133 9 1 . 7 7
5780 9 4 . 6 1

10879 9 6 . 4 6
26807 97.70
48305 98 .49

34
37
41
45
50
56
62
70
79
90

103l ie
136
157
163
2 1 6
258
312
383
478
687

IN H3 (Rl
ABD

33
37
46
43
47
50
53
57
60
63
67
70
73
77
60
83
87
90
93
97

100

vr/vee
WASTE? I LEe-r vr^eeft I C.^ r-.^f r i

R50 DELTA H3M
0
8
0
0

66
160
100
100
1 0 0
1 00
100
100
100
100
100
108
188
188
188
108
188

4
4
4
5
6
7

10
• 15

23
35
56
93

1 6 1
26*
52*
964

1 8 1 6
3476
6723

13 132
258*5

.3
.3
.3
.3
.3
.3
.3
.3
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2

I fc^r, n^

DELTA
4
4
4
5
6
7

10
15
22
34
55
92

U92S4
5 16
956

1803
3448
6669

13029
25665

I
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THERMAL AND UPFREEZ1NG ANALYSIS ESTIMATES ~ PROGRAM UPFR£EZ5;< — 10-3 1 - 1986MANVILLE WAUKEGAN, ILL PLANT W«STE PILEXXtXSX YEARS TO UPFREEZE OBJECTS THRU COVER ~ PRELIMINARY RESULTS * * * * * *
OBJECTS HA','E (X - A) - 9.30 FT (EFFECTIVE PARTICLE SIZE, EPS.UF; STATING ATTOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS • TCT
THERMAL LOAD FREEZE INDEX (FI) : LOGNORMAL W^' MEDIAN « 673 MEAN « 9J5 £r.LN«.365
HI •

H3M
H3

DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT £FTJ — FINE-GRAINED SOIL
UNFROZEN DRY DENS.»166 PCF, WATER CONT.« 20.3X (66X SAT) KU-6 .8 1
FROZEN DRY DENS. « 76 PCF, WATER C9NT.« 47.9X C/L-.6663 L»45?0 KF«
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WA£E PILE OF SOIL—HAVING:
UNFROZEN DRY DENS."106 PCF, WATER CONT.» 26.3X (80;: SAT)
FROZEN DRY DENS. • 76 PCF WATER CONT.« 47.9K C/L* .06i8

•1.22

KU«0.81
KF- 1 .23

95X OF MAX LBOTH COVER AND WASTE PILE USE HEAVE STRAIN, S - 30/i,
HE*VE FRACTION NOT RECOVERED OH THAWING, F « 6 . 1 6 ,
LAMEDA*£'?5[N-F*CTORJ « .73 (AVG) .10 ( SD>

ESTIMATES USE MOD. BEPGGPEN EOU. W/ KERSTEN KF 'S AND * 2S:< - 25:-; ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R l .3-0.6e
FPY « AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS » ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERVATIVE FOR ALL OBJECTS HAVING (X-A) < 6 . 36 FT

FOR Hl-TCT: UP.YRS IS AN ESTIMATE <«• OR - C\K) OF YEARS TO UPFPEEZE THRU COVER
LBOND » 1 STANDARD DEVIATION LOWER BOUND (L8) ,

ABD - ABOND - ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R5fl - ESTIMATED RELIABILITY (PROBABILITY) UP .YRS E-.fEEDS 5C

FT
HI
1 . 0
. 1
.2
.3
.4
.5
.6
.7
.8
.9

2.9
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3 .8

F-DEG*DAYS
TCAVG&CVX

365 38
3*9 38
43? 3S
515 33
598 3S
656 38
781 38
831 38
988 38

1 10 1 38
1226 38
1345 33
1476 38
1613 38
1757 38
1906 38
2062 38
2223 38
2391 38
2565 38
2745 38

PROB.
FPAVGiCVX
989 1 . 15
965 3.60
921 6 .55
855 16.58
777 27.56
695 40 .57
616 54.04
543 66.38
474 76.53
410 84 . 18
347 89 .57
283 93.22
232 95 .6 1
183 97 . 15
140 98 . 15
104 98.79
076 99.28
054 99.46
038 99.64
026 99.75
017 99.83

COVER THERMAL PROPERTIES
FPY

1
1
1
1
1
2
2
3
5e

15
27
56
98

195
397
823

1730
3678
7894

17070

UP.YRS CVX
1 14
128
144
166
195
233
304
409
585899

1460
2591
4760
9191

18247
37133
76921

16 1269
341553
730132

1573341

0
0
1
2
5
1 1
19
30
42
56
68
78
66
91
94
96
97
98
99
99
99

. 10

.36

.05

.66

.66

.06
.22
.09
.98
.40
.68
.67
.06
. 14
.46
.55
.65
.65
. 14
.45
.64

LBOND
1 13
127
143
16 1
184
212
246
266
334
392
463
553
666
814

101 1
1280
1652
2175
2925
40 19
5642

IN H3 <R 1 .3 « 1 >
ABD
1 1 1
122
133
144
156
167
175
18'?
266
2 1 1
222
233
244
256
267
278
289
300
3 1 1
322
333

R56
100
100
166
166
106
160
166
166
160
166
166
160
100
100
100
100
100
100
100
100
166

I
r-r1 f r- 5 r 1

DELTA H3M
13
15
18
24
?4
52
66

136
224
464
757

1466
2912
5969

12203
25563
54609

1 14686
245S81
531279

1 1 55 136

.3

. 3

.3
.3
.3
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2.
.
.
.
,

*STEPILE
YEARS

DELTA
13
15
18
24
34
51
79

129
221
4i;6
749

J45 1
2S62
5848

12079
25314
53687

1 14405
24529]
530P35

1 1525 *2
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THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5X ~ 10 -3 1 - 1 9S6
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

* * * * * * YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS X
OBJECTS HAVE (X - A) « 0 . 30 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS - TCT
THERMAL LOAD FREEZE INDEX (FI ) : LOC-NORMAL W/ MEDIAN - 875 MEAN » 935 SD .LN- .3 -5
HI - DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT [FT] ~ FINE-GRAINED SOIL

UNFROZEN DRY DENS . - 100 PCF, WATER CONT.- 28.3V. (BOX SAT) KU-S .8 1
FROZEN DRY DENS. • 70 PCF, WATER CONT.- 47.9X C/L- .0063 L-45v0 KF - 1 . 23

H3M - OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN*
H3 - WAsE P ILE OF SOIL—HAVING:

UNFROZEN DRY DENS . - 100 PCF, WATER CONT.- 20 .3X < 30X SAT) K 'J » * .8 1
FROZEN .DRY DENS. * 70 PCF WATER CONT.- 47.9X C/L- .004-8 L »45*C KF- 1 .2 .

I
I

BOTH COVER AMD WASTE PJLE USE HEA'.'E STRAIN, S - 30X,
HEM','E FRACTION NOT RECOVERED ON THAWING, F - 0 . 2 6 ,
LAMrDA*5QRIN-FACTOR3 " .70 (AVG) . 10 < SD )

ESTIMATES USE MOD. BEPGGREN ECU. W/ KEPSTEN KF'S AND * 25X
CORRELATION COEFFICIENT BETWEEN k l .F AND K3 .F , R 1 . 3 -0 .00

95V. OF MA:; L

- 25V. EF.ROP IN KF'S

FPY « «VG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN P E R I O D
UP .YRS - ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PP _ *S IN H3> BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 0 FT

FOR Hl-TCT: UP.YRS IS AN ESTIMATE («• OR - CV,O OF YEARS TO UPFREEZE THPJ COVER
LBOND » 1 STANDARD DEVIATION LOWER BOUND ( LB ) ,

AED « ABOND » ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVEF FACTOR AND EPS .UF
R30 - ESTIMATED RELIABILITY (PROBABILITY) U P . Y F S EXCEEDS 5C TEARS

FT F-DEGSDAYS PROS.
HI TCAVG'iCVX FPAVG^CVX
1 . 0
1 . 1
1 . 2
.3
.4
.5
.6
.7
.8
.9

2.0
2 . 1
2 .2
2.3
2 .4
2 .5
2 .6
2.7
2 .8
2 .9
3 .0

3C<5 36
369 33
439 38
515 38
59S 38
666 38
781 38
8S1 38
988 38

1 1 0 1 38
1220 38
1345 38
1476 38
16 13 38
1757 38
1906 38
2062 38
2223 38
2391 38
2565 38
2745 38

.989
.965
.92 1
.855
.777
.695
. 6 1 6
.543
.474
. 4 1 0
. 347
.288
.232
. 183
. 140
. 1 0 4
.076
.054
.038
.026
. 0 1 7

1 . 15
3 .60
8 .55

16 .58
27 .56
4 0 . 5 7
5 4 . 0 4
66 .38
76 .53
8 4 . 1 8
89 .57
93 .22
9 5 . 6 1
9 7 . 1 5
98. 15
98 .79
99 .20
99.46
99 .64
99.75
99 .83

COVER THERMAL PROPERTIES
_ _ _ _ _ v«ry.e.e
FPY

1
1
1
1
1
2
2
3
5
8

15
27
50
98

195
397
823

1730
3678
7894

17070

UP.YRS
57
64
72
83
97

1 1 9
152
204
293
450
740

1296
23*0
4595
9 123

18566
38461
80635

170776
365066
786671

CVX LBOND
0 . 10
0 . 3 6
1 . 0 5
2 . 6 0
5 .66

1 1 . 0 6
19 .22
3 0 . 0 9
42 .98
56 .40
68 .68
78 .67
8 6 . 0 6
91 . 14
94 .46
96 .55
97.85
98.65
9 9 . 1 4
99 .45
99 .64

57
64
71
8 1
92

106
123
143
167
196
232
276
333
407
506
648
826

1083
1463
2 0 1 0
2821

IN H3 (R
—— '/.

1 .3 - 1 )
YEARS

W«=TEPILE
FT YEARS

ABD P5C DELTA H3M
5* 10C <
6 1 100
67 10072 iac78 n?e
83 100
89 100
94 1 < ?0

100 100
106 106
1 1 1 1 0 0
1 1 7 1 0 0
122 100
128 100
133 100
139 100
144 100
150 100
156 100
1 6 1 1 0 0
167 100

7
8
9

12
17
25
4e
65

1 1 2
202
379
733

1456
2955
6 1 0 2

12784
27004
57343

122940
265640
577569

.3
.3
.3
.3
. 3
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
. 1
. 1
. 1
. 1
. 1

DELTA
7
7
<P

12
17
26
39
64

1 11
200
375
725

1 4 4 1
2924
6040

12657
26843
57203

122*46
2 6 5 0 1 7
576251
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THERMAL AND L'PFREEZING ANALYSIS ESTIMATES — PROGRAM L=FREE25X ~ 1 0 - 3 1 - 1 9 3 6
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

XXf t *XX YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS * * * * r * X
OBJECTS HAVE <X - A) - e .30 FT EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS - TCT
THERMAL LOAD FREEZE INDEX < F J > : LOGNORMAL W/ MEDIAN » 675 MEAN « 925 SD .LN- .S i ' S
HI " DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT £FTJ — F INE-GRAINED SO IL

UNFROZEN DRY DENS . - 109 PCF, WATER CONT.- 20 . &'. <6C' ' . SAT) K' . '«e .6l
FROZEN DRY DENS. « 70 FCF, WATER CONT.- 47.9'/. C/L- .0068 L-4590 KF- 1 .23

H3M » DEJECT LENGTH FOR MAX UPFREE2E, STARTING IN:
H3 » Wrts-E PILE OF SOIL—HAVING:

UNFROZEN DRY DENS . - 100 PCF, W»-TER CONT.- 20 . ?/. (68''. S«T; KU - e .& l
F fife: EN DRV DDJ3. « 70 PCF WATER COr:T.» 47. r/. C/L- .006S L-4-50 KF- 1 .23

BOTH COVER A^D W«STE PILE USE HEAVE STRAIN, S » 30'.'.,
HE«v'E FRACTION NOT RECOVERED ON Tn«WING, F « 8. 3*,
LAM£D* *SC' *CN-FrtCTOR] « .70 <AVG> . 10 (SD)

ESTIMATES USE MOD . BEPC-SREN ECU. W/ KERSTEN KF 'S AND * 25X
CORRELAT ION COEFF IC IENT BETWEEN K l . F AND K 3 . F , P I . 3 - 0 . 8 0

X OF MAX L

- 25V. EPPC' = IN KF 'S

FRY » AVG YEARS TO F IRST FROST PENETRATION TO DEPTH HI AND RETURN P E R I O D
UP.YPS « ESTIMATED YE«RS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H2'» 6JT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERVATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 0 FT

FOR Hl-TCTs UP .YRS IS AN ESTIMATE <* OR - CW.) OF YE*RS TO UPFREEZE THRU COVER
LBOND - 1 STANDARD DEVIATION LOWER BOUND < L B > ,

ABD » ABOND » ABSOLUTE LB FOR HEAVE STRAIN, UNRECO'. 'E» FACTO* A,1.!' EPS .UF
R50 - ESTIMATED RELIABIL ITY <PROBABlL ITY) L 'P . ' . F = E X C E E D S 5C YE^RS

FT I
HI '
1 . 0
1. 1
1.2
1 . 3
1 . 4
1 . 5
1 . 6
1 . 7
1 . 8
1 . 9
2 .0
2 . 1
2 .2
2 .3
2 .4
2.5
2 .6
2.7
2 .6
2 .9
3 . 0

F-DEG*DAYS PROB .
TC*V&S»CV>

305 33
369 38
43? 38
515 33
596 38
686 38
781 36
881 38
988 38

1 1 0 1 38
1220 36
1345 35
1476 38
1 6 1 3 38
1757 38
1906 38
2062 38
2223 38
2391 38
25*5 38
2745 38

: FPA'.
. 989
.965
.92 1
.855
.777
.6 <?5
. 6 1 6
.543
.474
. 4 1 0
.347
.283
.232
. 1 6 3
. 140
. 104
.076
.054
.038
.026
. 0 1 7

'GfeCV/.
1 . 15
3 . 6 0
8 .55

16 . 53
27.56
4 0 . 5 7
54 .04
66 .38
76.53
84. 18
89 .57
93 .22
9 5 . 6 1
97. 15
98. 15
98.79
99 .20
99.46
99 .64
99.75
9 9 . 8 3

COVER THERMAL PROPERTIES
FPY

1
1
1
1
1
2
2
3
5
8

15
27
30
98

195
397
823

1730
3676
7994

1 7 0 7 0

UP.YRS
38
43
49
55
65
79

10 1
136
195
300
493
664

15933064
6082

1237825640
53756

1 1 385 1
243377
524447

CVX LBOND
0 . 10
0 . 3 6
1 . 0 5
2 . 6 0
5 .66

1 1 . 0 6
19 .223 0 . 0 9
42.98
5 6 . 4 0
68.66
78 .67
8 6 . 0 6
9 1 . 14
94 .46
96.55
97.65
98.65
99. 14
99.45
99 .64

33
42
4S
54
61
71
62
95

1 1 1
13 1
154
184
222
271
337
427
551
725
975

1340
169 1

IN 1-

ABD
37
4 1
44
46
52
56
59
63
67
70
74
78
61
65
69
93
96

100
104
107
1 11

(3 <R«/
Rf* 1c-e0
1C 'C -i c -c-
1 C - 0
1 C 0
1 0 0
1C -0
1 0 0
1 00
1 0 01 0 0
l t f (?1 0 0
100
1 0 0
1 00
1 0 0
1 00
1 0 0

1 . 3= 1 >
YEARS

U-,5TEPILE
FT YEARS

DELTm H3M
4
5
6
8

1 1
17
27
43
75

135
252
459
971

197C*
4V68
6523

1 8 0 0 3
38229
6 1 9 6 0

177093
3S564d

. 3. 3
f 5.3
.3
* *.
.2
.2
• ̂
.2
.2
.2
.2
.2
.2
.2
. 1
. 1
. 1
. 1
. 1

DELTA
4
5
6
S

1 1
17
26
43
74

133
256
454
9 6 1

I94y
4626
8428

17696
38 135
6 1 7 6 4

176678
3 S 4 1 6 7
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THERMAL AND UPPREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5X ~ 1 0 - 3 1 - 1 9 3 6
MANVJLLE WAUKE6AN, ILL PLANT WASTE PILE

X X X X S X YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS *<««**
OBJECTS HAVE (X - A> - 8 . 30 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS » TCT

I

THERMAL LOAD FREEZE INDEX <F I > i LOGNORMAL W/ MEDIAN - 875 MEAN - 935 SD.LN- .36II1
HI

H3M
H3

DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT [FT] — FINE-GRAINED SO IL *
UNFROZEN DRY DENS . - 100 PCF, WATER CQNT.« 20.3*'. <80X SAT) KU 'C .8 1
FROZEN DRY DENS. - 70 PCF, WATER CONT.- 47.97. C/L«.e068 L-4«*« KF - 1 . 23
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WASE P ILE OF SOIL—HAVING:
UNFROZEN DRY DENS . - 108 FCF, WATER CONT.- 20.3'". (80V. SAT> K ' j -0 .8 1
FROZEN DRY DENS. » 70 PCF WATER CONT.- 47 .9X C/L- .OC' iS L»45*"0 KF - 1 . 23

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S - 30X,
HEAVE FRACTION NOT RECOVERED ON THAWING, F » 6 . 4 6 ,
LAMBDA* SQRCN-FACTOR] » .70 (AVG) . 10 ( SD>

ESTIMATES USE MOD. BERC-GREN EQU . W/ KEPSTEN KF 'S AND * 25X
CORRELATION COEFFICIENT BETWEEN K I . F AND K3.F , R 1 .3-0 . 80

9r-'. OF MAX L

- 25X ERROR IN KF ' S

FPY m AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETC-PN P E R I O D
UP.YRS » ESTIMATED YEAP5 FOR OBJECT UPFREEZING FROM HI (FOR HI PROFS IN H3) BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSER«TIVE FOR ALL OBJECTS HAVING <X-A) < 0 . 3 0 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV/.) OF YEARS TO UPFREEZE THRU COVER
LBOND - 1 STANDARD DEVIATION LOWER BOUND (LE:> ,

ABD « ABOND » ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVE* FACTOR AND EPS .UF
R58 - ESTIMATED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 50 YEARS

FT F-DEG*DAYS PROB.
HI '
1 . 0
1 . 1
1 . 2
1 . 3
1 .4
1 .5
1 . 6
1 .7
1 .8
1 . 9
2 . 0
2 . 1
2 .2
2 .32 .4
2.5
2.6
2.7
2 .8
2 .9
3 .0

rCAVG^D^X FPAVG4.CVX
365 33
3*9 33
439 38
515 3S
598 38
686 38
781 38
881 38
988 38

1 1 0 1 38
1228 38
1345 38
1476 38
16 13 38
1757 38
1906 33
2862 38
2223 38
2391 38
2565 38
2745 38

.989
.965
.921
.855
.777
.695
.6 16
.543
.474
. 4 1 0
.347
. 288
.232
. 1 8 3
. 140
. 104
.076
.854
.038
.826
. 0 1 7

1 . 1 5
3 .60
8.55

16 . 58
27.56
40 .57
54.04
66.38
76 .53
84. 18
89 .57
93.22
95 .6 1
97 . 1 5
98. 15
98 .79
99.20
99.46
99 .64
99.75
99 .83

COVER THERMAL PROPERTIES
FPY

1
1
1
i
1
2
2
3
5
8

15
27
50
98

195
397
823

1730
3678
7894

17070

UP.YRS
26
32
36
41
49
60
76

102
146
225
370
648

1 195
2298
4562
9283

19230
40317
85368

182533
393335

IN H3 (R 1 . 3* 1 >
YEARS FT

CVX LBOND ABD R50 DELTA H3M
0. 10
0 . 3 6
1 . 0 5
2 .60
5 .66

1 1 . 0 6
19 .22
3 0 . 0 9
42.98
56 .40
68.68
78 .67
8 6 . 0 6
9 1 . 1 4
94 .46
96.55
97.85
98.65
99. 14
99 .45
99.64

28
32
36
40
46
53
61
71
83
98

1 1 6
138
167
204
253
320
413
544
731

1 0 0 5
1 4 1 1

28 0
31 0
33 0
36 O
39 32
42 93
44 93
47 99
50 100
53 100
56 100
58 100
6 1 100
64 100
67 100
69 100
72 188
75 100
78 108
8 1 100
83 100

3
4
5
6
9

13
23
32
56

1 0 1
189
366
728

1477
305 1
6392

13502
28672
6 1 4 7 0

132820
288785

.3
.3
• w
.3
.3
.2
.2
.2
.2
.2
. 2
.2
• 4.

.2

.2

.2

. 1

. 1

. 1

. 1

. 1

1E *R5
DELTA

V
5
6
8

13
28
32
55

1 03
187
363
720

14*2
3*2* I
6328 •

13422
28601 1
6 1 3 2 3 1

132509
288 125 k
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S-3C''. F »G .50

THERMAL AND UPFREEZING AMALYSIS ESTIMATES — PROGRAM UPFREEZ5X — 19-3 1 - 1964
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

YEARS TO UPFREE2E OBJECTS THRU COVER ~ PRELIMINARY RESULTS * * * * * *
OBJECTS HAVE (X - A) - B .30 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS - TCT
THERMAL LOAD FREEZE INDEX < F I ) : LOGNORMAL W/ MEDIAN « 675 MEAN • 935 SD.LN- .365
HI - DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT [FTJ — FINE-GRAINED SOIL

UNFROZEN DRY DENS.- 16C PCF, WATER CONT.* 20 .3 * ; <66;'. SAT)
FROZEN DRY DENS. « 70 PCF, WATER CONT.- 47.9X C/L«.066S L«45?

H3M - OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 » WAsE PILE OF SOIL—HAVING:

UNFROZEN DRr DENS. » 106 PCF, WATER CONT.- 29.3','. < SO*'. SAT)
FROZEN DRf DENS. - 76 PCF WATER CONT.- 47.9Y. C/L » .6 *63 L-45?

f l .8 1
1 .22

i- v-e. s i
KF - 1 . 23

BOTH CO' . 'EP AN? w*,5TE PILE USE HEAVE STRAIN, £ « 3<?X, 95X OF MA*: L
HEAVE FRACTION' NOT RECOVERED ON THAWING, F - 0 . 5 6 ,

C'PCN-FACTC'RJ « .70 (AVG) . 10 < SD)IS USE MOD. BEFGGPEN EOU. Wx' kERSTEN KF 'S AND * 25X - 25X ERPCP IN kF'SCORRELATION COEFFICIENT BETWEEN K l .F AND R3.F , Rl . 3 -6 .00
FPY « AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PEC IC 'DUP .YPS » ESTIMATED YEARS FOR OBJECT UFFREEZING FROM HI (FOR HI PRO** IN H3> BUTCORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 6 FTFOR H1«TCT: UP.YRS IS AN ESTIMATE <* OR - D.-7.) OF YEARS TO UPFREEZE THRU COVERLBOND - 1 STANDARD DEVIATION LOWER BOUND < LB ) ,AE:- « ABOND » ABSOLUTE LB FOR HEAVE STRAIN , UNRECOVER FACTOR A.-;O E S S .UFR56 » ESTIMATED RELIABILITY (PR05AEIL ITY) UP .YRS EXCEEDS 50 YEARS
»^p . rvtve BDiio* i r ~ u* E- w * W" ' ̂  r r\ t.' B •
U TCAVGiCV/. FPAVG^CVX
.0
. 1
.2
.3
.4
.5
.6
.7
.8
.9

2 . 6
2 . 1
2 .2
2 . 3
2 .4
2 .5
2 .6
2 .7
2 .8
2 .9
3 . 0

3C5
369
43*
5 15
598
666
781es i
963

1 1 0 1
1220
1345
1476
16 13
1757
1906
2062
2223
2391
2565
2745

36
33
36
36
38
38
38
33
36
33
38
38
38
38
38
38
38
38
38
38
38

.989
.965
.92 1
.655
.777
.695
. 6 1 6
.543
.474
. 4 1 0
.347
.236
.232
. 163
. 1 4 0
. 104
.076
.054
.638
.026
. 0 1 7

1 . 1 5
3 . 6 0
8.55

16 .58
27 .56
46 .57
54 .04
66 .36
76.53
64 . 1 8
69 . 57
93 .22
95 .6 1
9 7 . 1 5
9 8 . 1 5
98.79
99.20
99 .46
99.64
99.75
99 .83

COVER THERMAL PROPERTIES
FPY

1
1
1
1
1
2
2
3
5e

15
27
50
98

195
397
623

1730
3678
7894

17070

IN H3 (R
UP.YRS CVX LBOND ABD

23
26
29
33
39
48
61
82

1 1 7
160
296
5 1 8
956

1838
3649
7427

15384
32254
6 8 3 1 1

146027
3 14668

6 . 1 0
0 . 3 6
1 . 65
2 .66
5 . 6 6

1 1 . 0 6
19 .22
3 6 . 6 9
42 .96
56 .40
6 6 . 6 6
78 .67
6 6 . 6 6
9 1 . 1 4
94 .46
96.55
97.85
98 .65
99. 14
99.45
99 .64

23
25
29
32
37
42
49
57
67
78
93

11 1
133
163
202
256
330
435
585
864

1 1 28

22
24
27
29
3 1
33
36
36
40
42
44
47
49
5 1
53
56
58
66
62
64
67

R56
6
6
6
0
6

33
84
94
97
99
99

1 0 0
100i40
100
100
100
1 0 0
100
106
106

1 . 3 - 1 ) rrYEARS r ,
DELTA H3M

3
3
4
5
7

10
16
26
45
81

1 5 1
293
5S2

1 1 6 2
2441
5 1 1 4

10602
22937
49176

106256
2 3 1 0 2 6

. 3
.3
.3
.3
.3
.2
.2
• ̂
.2
.2
.2
. .•
. 2
.2
.2
.2.
.
.
.
.

iSTEPILE
YEARS

DELTA 3
3
4
5
7

10
16
2*
44
66

150
290
57d

1 1 7 0
2 4 1 6
5063

10737
22681
49658

1 9 * 0 8 7
2 3 0 5 8 6
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THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREE25X — 16 -3 1 - 1 986
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

X X X X X * YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS * * * * * * I
OBJECTS HAVE <X - A> - 0 . 3 0 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE — BOTTOM OF COVER OF TOTAL THICKNESS » TCT • |
THERMAL 4.0AD FREEZE INDEX <FI ) : LOGNORMAL W/ MEDIAN « 675 MEAN - 925 SD.LN* .3f i i
HI » DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT CFTJ — FINE -GRAINED SOU 1

UNFROZDJ DRY DENS. - 108 PCF, WATER CONT.- 20.3V. (SO'/. SAT) KU-0 .6 .
FROZEN DRY DENS. « 60 PCF, WATER CONT.« 61. 6X C/L«.OOi2 L-5057 KF - 1 .30
OBJECT LENGTH FOR MAX UPFREEZE,. STARTING IN:
WASE PILE OF SOIL—HAVING:
UNFROZEN DRV DENS. - 106 PCF, WATER CONT.- 20.3V. r 30 '•'. SAT) KU -8 .3 1
FROZEN DRf DENS. « 66 PCF WATER CONT.« 6 1 . 6X C/L- .0062 L«5c>57 kF - 1 .30

H3M
H3

40'.'., OF M«X LBOTH COVER AUD WASTE PILE USE HEAVE STRAIN, S
HE^V'E FRACTION NOT RECOVERED ON THAWING, F « 6 . 1 6 ,
LAM?DA»SC'F[N-F«CTCR] * .70 <AVG> . 10 < £D >

ESTIMATES USE MOD. BEPGGREN ECU. W/ KERSTEN KF 'S AND * 25.*: - 25X ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 .F , R l .5 -0 . e o
FPY » AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YRS « ESTIMATED >EAPS FOR OBJECT UPFPEEZING FROM HI ( FOR HI PROPS IN H2) BL r

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERVATIVE FOR ALL OBJECTS HAVING O.-A) < 0 . 30 FT

FOR Hl-TCT: UP .YRS IS AN ESTIMATE <* OR - CV/O OF YE*RS TO UPFREEZE THRU COVE
LBOND - 1 STANDARD DEVIATION LOITER BOLTJD (LB) ,

ABD » ABOND » ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND E P5.UF
R50 - ESTIMATED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 5C<

FT F-DEG*DAYS PROS.
HI TCAVGfcCV/. FPAVG^CVX
1 . 0
1 . 1
1 . 2
1 . 3
1 .4
1 .5
1 . 6
1 .7
1 .8
1 .9
2 .0
2 . 1
2 .2
2.3
2 .4
2.5
2.6
2.7
2 .8
2.9.
3 .0

367 38
444 33
528 38
620 38
719 38
825 33
939 38

1060 33
1 1 8 9 33
1324 38
1468 38
16 16 38
1776 38
1941 38
2 1 1 3 38
2293 38
2488 38
2675 36
2876 38
3035 38
3302 38

.966
. 9 1 7
.843
.756
.666
.532
.505
.432
.363
.297
.236
. 1 8 1
. 1 35
. 097
.068
.047
.031
.020
. 0 1 3
.008
.005

3 .43
8 .97

18 . 17
3 0 . 7 8
45 .38
59 .83
72.25
6 1 . 7 4
63 .37
92.73
95 .48
9 7 . 1 9
98.25
98 .90
99 .30
99.55
99.71
99 .8 1
99.87
99 .9 1
99.94

COVER THERMAL PROPERTIES
FPY

1
1
1
1
2
3
4
7

13
24
48

100
2 13
468

1045
2371
5450

12655
29623
69773

165 107

UP.YRS CVX
88

1 0 1
1 19
146
166
251
363
572
979

1807
3536
7204

1 5 1 6 1
32791
72542

163431
373591
863380

2015668
4735770

1 1 1 8 4 5 0 0

0 . 3 6
1 . 18
3. 17
7 .27

1 4 . 27
24 .64
3 3 . 0 0
52.75
66 .63
77.94
8 6 . 0 8
9 1 . 4 6
94 .65
96 .92
98. 15
98 .69
99.32
99.58
99.73
9 9 . 6 3
99.69

LBOND
63

100
1 1 6
135
160
189
225
270
327
399
492
615
781

101 1
1340
1820
2540
3641
5357
6078

12457

IN H3 « .R1 .3«1 )
ABD

63
92

100
1 08
1 17
125
133
142
150
153
167
175
163
192
200
206
217
225
233
242
250

R50
1 0 0
1 0 0
100
100
100
1 0 0
100
1 0 0
100
100
100
100
100
100
100
100
180
188
108
100
108

WAJTEPILEer \,-c .- r,&i fins r i
DELTA H3M

12
15
21
3240
8 1

144
• 273

541
1 1 1 5
2342
49«5

1 8 9 1 8
24343
55159

126619
293700
686379

16 16696
3823509
9073945

. 3

. 3

.3

.2

.2

.2

.2
.2
.2
.2.
.
.
.
.
. 1
. 1
. 1
. 1
. 1
. 1

I tr^r-. 5
DELTA

*- >15
2
3
43
8P14;

26'
534

1 1 0
233!
493*

10884
242^' 1
5499« 1

126250
29286/1
68496* 1

16 12355
3S13525 .
905095'
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S-40X F-0 .2G

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREE2SX — 10 -3 1 - 19S *
MAJJVILLE WAUkEGAN, ILL PLANT WASTE PILE

* * * * * * YE«RS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS * * * * * *
OBJECTS HAVE (X - A) - 8 .30 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS - TCT
THERMAL LOAD FREEZE INDEX (FI> : LOGNORMAL W/ MEDIATE » 675 MEAN « 935 SE-.LN-.365
HI • DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT [FTJ — FINE-GR-INED SOIL

UNFROZEN DRY DENS.- 100 PCF, WATER CONT.- 20.31'. (80X SAT) KU-C .8J
FROZEN DRY DENS. - 66 PCF, WATER CONT.- 61.6'/. C/L- .0062 L-5057 KF- 1 .30

H3M « OBJECT LENGTH FOR MAX UPFREE2E, STARTING IN:
H3 » WA = E PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.- 100 PCF, WATER CONT." 20.3''. < 80X S»*T> KU -0 .8 1
FROZEN DRY DENS. » 66 PCF WATER CONT.« 6 1 .6X C/L-.0042 L-5057 KF » 1 .30

BCTH COVER AND WASTE PILE USE HEA'.'E STRAIN, S « 40".,
HEA'. 'E FRACTION NOT RECOVERED ON THAWING, F » 0 . 2 0 ,
LAME :>A*Si>R[N-FAC TOR] - .70 <AVG> .10 (SD. >

ESTIMATES USE MC'D. BERGGREN EflU. W/ KEF-STEN KF 'S AND * 25X -
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 .F , R 1 . 3 -0 .00

95'-; OF M-A L

25:-. EF.RC'R IN KF 'S

FRY - AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS - ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOP HI PROPS IN H3> BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING <X-A> < 0 . 3 0 FT

FOR Hl-TCT: UP.YRS IS AN ESTIMATE <+ OR - CV,O OF YEARS TO UPFREEZE THRU COVER
LEWD « J STANDARD DEVIATION LOWER BOUND <LB> ,

AED « A60ND » ABSOLUTE LB FOR H£«VE STRAIN, UNRECOVE* FACTOR AND EPS.L ' e
R50 » ESTIMATED RELIABILITY (PROBABILITY) U P . Y R S E-vIEED: 5tf

FT
HIi . e1. 1
1 . 2
2 . 3
1 .4
1 . 5
1 . 6
1 .7
1 . 8
1 .9
2.6
2 . 1
2 .2
2 .3
2.4
2.5
2.6
2 .7
2.8
2.9
3 .8

F-DEG*DAYS PROB.
TCAVGikCVX FPAVG1CVX

367 38
444 39
S2d 36
620 23
719 33
825 38
939 38

1060 38
1 1 8 9 38
1324 38
1468 38
16 18 38
1776 38
1941 38
2 1 1 3 33
2293 38
2480 38
2675 38
2876 38
3035 38
3302 38

.966
. 9 17
.643
.756
.666
.582
.505
.432
.363
.297
.236
. 181
. 1 3 5
.897
.068
.847
. 83 1
.828
. 8 1 3
. 8 0 8
.805

3 .48
8.97

18. 17
30 .78
45.38
59.83
72.25
8 1 . 7 4
88 .37
92.73
95 .43
97. 19
98.25
98.90
99.30
99.55
99 .7 1
99 .8 1
99.87
99 .9 1
99 .94

COVER THERMAL PROPERTIES
———————— YEARS ———————
FPY

1
1
1
1
2
3
4
7

13
24
48

100
2 13
468

1045
2371
5450

12655
29623
69773

1 6 5 1 0 7

UP.YRS
44
51
60
73
93

125
182
286489
903

1768
3602
7580

16396
36271
8 1716

166796
431940

1807834
2367885
5592249

CVX LBOND
0 .36
1 . 18
3. 17
7 .27

14 .27
24 .64
38 .00
52.75
6 6 . 6 3
77.94
86 .08
9 1 . 4 6
94 .85
96.92
98 . 1 5
98.89
99.32
99.58
99.73
99.83
99 .89

44
50
53
68
80
95

1 13
135
163
199
246
308
390
586
670
918

1278
1821
2679
4839
6228

IN H3 (R 1 .3 - 1 )
—— X YEARS
AED R50

42 0
46 86
50 100
54 100
58 100
63 100
67 100
71 100
75 100
79 100
83 100
88 100
92 108
96 180

100 188
104 108
188 100
1 12 180
1 17 100
12 1 100
125 100

WASTEPILE
FT YEARS

DELTA H3M
6
8
1 1
16
24
40
72

136
271
559

1 1 7 1
2498
5459

12 172
27579
63310

146850
343439
808348

1 9 1 1 7 5 4
4536973

. 3̂
r

, 3
.2
.2
.2
.2
.2
.2
.2
. 1
. 1
•
*
•
»
•
•
. 1
. 1
. 1

DELTA
6
7

10
16
2«
40
71

135
267
551

1 167
24 9 C
544;

1 2 1 34
27497
63125

146433
34249P
806 17J

1906763
4525477
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THERMAL AND UPFREEZ1NG ANALYSIS ESTIMATES — PROGRAM UFFREEZ5X — 10 -3 1 - 1 936
MANV1LLE WAUKEGAN, ILL PLANT WASTE PILE

* * * * * * YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS * * * * * * .
OBJECTS HAVE (X - A) « 8 . 3 0 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT "
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS - TCT . -
THERMAL LOAD FREEZE INDEX (F I ) : LOGNORMAL W/ MEDIAN - 675 MEAN - 925 SD.LN- .SoS '
HI - DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT [FT3 — FINE-GRAINED SO I L !

UNFROZEN DRY DENS.- 10C PCF, WATER CONT.- 28.3X <60X SAT)
FROZEN DPY DENS. - 69 PCF, WATER CONT.» 61.6','. C/L- .8662

H3M - OBJECT LENGTH FOR MAX UPFREEZE, STARTING INt
H3 • W**E PILE OF SOIL—HAVING:

UNFROZEN DRr DENS . - 100 PCF, WATER CONT.- 20.3*.-: (89''. SAT)
FROZEN DRY DENS. » 60 PCF WATER CONT.- 61 .&. C/L«.ee62 L-5C57

KU-C . 81
L-5057 KF - 1 . 3C

KU-C. s iKF- i. se
BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S » 48X,HE.VE FRACTION NOT RECOVERED ON THAWING, F - 8 . 3 0 ,LAMED-S^SORCN-FACTORJ « .78 CAVG> . 10 <SD)ESTIMATES USE MOD. BEPGGPEN EOU. W/ kERSTEN KF 'S AND * 25V.CORRECTION COEFFICIENT BETWEEN K l . F AND K3 .F , R 1 . 3 -0 .98

95;: OF MAX L

- 25X ERROR IN KF 'S

FPY « AVG YE^RS TO FIRST FROST PENETRATJON TO DEPTH HI AND RETURN PER IOD
UP.YRS » ESTIMATED YEARS FOR OBJECT UPFREEZIN6 FROM HI (FOR HI PROPS IN H3> BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOP ALL OBJECTS HAVING (X-A) < 8 .36 FT

FOR Hl-TCTj UP .YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LSOND - 1 STANDARD DEVIATION LOWER BOUND (LB) ,

AED • AEOND - ABSOLUTE LB FOR HEAVE STRAIN, UNPECCVER FACTOR AMD EPS .UF
R50 • ESTIMATED RELIABILITY (PROBABILITY) UP . >R £ EXCEEDS 5* YEARS

FT F-DEG*DAYS PROS .
HI TCAVG^CV*/. FPAVGiiCVX
1 . 0
1 . 1
1 . 2
1 . 3
1 .4
1 .5
1 . 6
1 .7
1 . 8
1 .9
2 .8
2. 1
2 .2
2 .3
2.4
2.5
2.6
2.7
2.8
2 .9
3 .0

347 38
444 38
523 38
628 39
719 36
825 33
939 38

1 060 33
1 1 9 9 36
1324 38
1468 38
1 6 1 8 38
1776 38
1941 38
2 1 1 3 38
2293 38
2438 38
2675 38
2876 38
3055 38
3302 38

.966

.9 17

. 643
.756
.666
.582
. 505
.432
.363
. 297
.236
. 1 6 1
. 1 35
.897
.668
.847
. 8 3 1
.820
. 8 1 3
. 8 8 9
. 8 0 5

3 .48
8 .97

1 8 . 1 7
3 0 . 7 8
45 .38
59 .83
72 .25
8 1 . 7 4
83 .37
92.73
95 .46
97. 19
98 .25
96 .98
9 9 . 3 0
99.55
99 .7 1
99 .8 1
99 .87
9 9 . 9 1
99 .94

COVER THERMAL PROPERTIES
———————— YEARS —— —— ——
FPY

1
1
1
1
2
3
4
7

13
24
48

1 00
2 13
468

1045
2371
5458

12655
29623
69773

1 6 5 1 8 7

UP.YRS
29
34
40
49
62
64

12 1
19 1
326
602

1 1 79
240 1
5854

10938
2 4 1 8 1
54477

124530
287960
671869

1578598
3728166

IN H3 (R 1 . 3 - 1 )
—— X YEARS

CVX LBOND ABD R58
0 . 3 6
1 . 19
3. 17
7 .27

1 4 . 2 7
24 .64
3 6 . 8 8
52.75
6 6 . 6 3
77.94
8 6 . 8 8
9 1 . 4 6
94 .85
96 .92
9 8 . 1 5
98.69
99.32
99.58
99.73
99 .83
99 .89

29
33
39
45
53
63
75
90

109
133
164
205
260
337
447
687
847

12 14
1786
2693
4 152

26 8
31 8
33 8
36 35
39 92
42 97
44 99
47 t0 <?
50 180
53 18856 iee
58 188
6 1 186
64 l£0
67 100
69 180
72 188
75 188
78 188
61 180
83 160

W* STEP ILL
FT TEARS

DELTA H3M DELTA
4
5
7
1 1
16
27
48
9 1

180
372
781

1665
3639
81 14

18366
422P6
97960

228960535599
1 2745P3
3C24649

.3 4

.3 5>

.3 7.2 ie

.2 16

.2 27

.2 45
.2 90
.2 176
.2 367
.
.
.
.
.
.
.
.
.
.
.

776
1660
3626
6(390

1 8 3 3 1
42083
97622

228327
537452

1 2 7 1 1 7 5
3<? 16965
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THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM L'PFREEZSX — 10 -3 1 - 1 964
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

XX * * » X YEARS TO UPFftEEZE OBJECTS THRU COVER — PRELIMINARY RESULTS *
OBJECTS HAVE (X - A) « 8 .38 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE— BOTTOM OF COVER OF TOTAL THICKNESS - TCT
THERMAL LOAD FREEZE INDEX <FI > : LOGNORMAL W/ MEDIAN » 875 MEAN « 935 «: > .LN» .3o5
HI • DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT [FT] — FINE-GRAINED SO IL

UNFROZEN DRY DENS. - 100 PCF, WATER CONT.- 26. 3* <SC". SAT) K ' j » e .61
FROZEN DRY DENS. » 60 PCF, WATER CGNT.- 61.6"'. C/L«.0042 L-5057 kF*1 .3f l

H3M « OBJECT LENGTH FOR MAX UNFREEZE, STARTING IN:
H3 * W~?E PILE OF SOIL — HAVING:

UNFROZEN DRY DENS. - 100 PCC , WATER CONT.- 20 . 3X < 86'< SAT) >'_'«*. SI
FROZEN DRY DENS. » 66 PCF WATER CONT.- 6 l .6 ^ C/L«.6fu2 L*5C-?7 KF- I .3?

EDTH COVER AND WASTE P ILE USE HEAVE STRAIN, S * W.,
HEAVE FRACTION NOT RECOVERED Or.' THAhlJNG, F - 6 . 4 ? ,
LAi:£ : >A*5C'R[N-FACTGRJ « .70 '.AVG) . 10 <SD)

ESTIMATES USE MOD. BERGC-REN EOU. W/ KERSTEN KF 'S AND * 25''.
CORRELATION COEFFICIENT BETWEEN K l .F AND K3 .F , R1 .3« t? . e e

95X OF

- 25-: EPFvF IN KF 'S

FRY « AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN P E R I O D
UP.YRS » ESTIMATED YEARS FOR OBJECT UNFREEZING FROM HI ( FOR HI PROPS IN H2> BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 0 FT

FOR Hl-TCT: UP.YRS IS AN ESTIMATE (* OR - CV/.) OF YEARS TO UPFREEZE THRU COVER
LBOND • 1 STANDARD DEVIATION LOWER BOUND (LB ) ,

ABD - ABOND - ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND E P S . U F
R50 - ESTIMATED RELIABILITY (PROBABIL ITY) U P . Y R S EXCEEDS SG

COVER
FT
HI
t ,'l .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
2.
2.
2.
2.
2.
2.
2.
2.2.
2.
3.

F-DEG*DAYS PROS. —— •
TCAVG^CVX

0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
8

367
444
528
620
7 19
825
93?

1060
1 1 6 9
1324
1466
16 18
1776
1941
2 1 1 3
2293
2468
2675

.2S76
3085
3302

39
33
33
36
38
38
36
38
33
38
38
38
38
38
38
38
38
38
38
38
38

FPAVGkCV/.
.966
. 9 1 ?
. 843
.756
.666
.5S2
.505
.432
.363
.297
.236
. 181
. 135
. 097
. 668
.047
. 83 1
.828
. 8 1 3
.808
.805

3
8

18
30
45
59
72
61
66
92
95
97
98
98
99
99
99
99
99
99
99

.48
. 97
. 17
.78
.38
.63
.25
.74
.37
.73
.46
. 1 9
.25
.90
.30
.55
.7 1
.8 1
.87
.9 1
.94

FPY
1
1
1
1
2
3
4
7

13
24
48

100
213
468

1045
2371
5458

12655
29623
69773

1 6 5 1 0 7

: THERMAL PROPERTIES
——— YEARS ———————

UP.YRS
22
25
30
36
47
63
91

143
245
452
884

1801
3798
8198

18136
48858
93396

215978
563917

1 183943
2796124

IN H3 <R1 .3»-l >
—— '/. YEARS

D-^X LBOND ABO Ffi?
0 .
1 .
3,
7.

14 .
24,
38.
52.
66.
77.
66.
9 1 ,
94.
96,
98,
96,
99,
99,
99.
99,
99.

. 36
, 18
, 17
,27
,27
,64
, 0 0
,75
,63
.94
, 06
.46
,85
.92
, 15
.89
,32
.58
,73
,83
,69

22
25
29
34
40
47
56
63
62

1 0 0
123154
195
253
335
455
635
918

1339
20 19
3 1 1 4

2 1
23
25
27
29
31
33
35
38
40
42
44
46
48
50
52
54
56
58
60
62

0e
0
0

cC-
E l
93
07
«?
9?

16?
1 0 0
1 06
10 *0
1 0 0
108
1 0 0
1 0 0
1 00
1 0 0
1 8 0

DELTA Hj
3
4
5e

12
20
36
66

125
279
56£

1249
2729
6084

13790
3 1655
73425

17 1720
4 0 4 1 7 4
955877

22684S6

14
FT
:''1
. 3
.3
. 3
. 2
.2
.2
.2
.2
§ 2.2
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

YEARS
DELTA

3
4
5
K

12
2*
3*
67

1 ?4
275
59-

1245
2721
6067

1374s
31563
7 3 2 1 6

1 7 1 2 4 5
4 0 3 6 8 9
95333 1

2262739
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THERMAL AND I'PFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5X — 10 -3 1 - 19 £ cMANVILLE WAUKEGAN, ILL PLANT WASTE PILE
Xf tXXJ tX YEARS TD UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS X * * * * *

OBJECTS HAVE (X - A> - « .30 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS « TCT
THERMAL LOAD FREEZE INDEX <F I > i LOGNORMAL W/ MEDIAN - 875 MEAN - 925 SD.LN-.36.I
HI -

H3M
H3

DEPTH OF COVER ABOVE OBJECT, STARTING AT H I«TCT [FT] — F1NE-GP.«IN£D £OI ' |
UNFROZEN DRY DENS . - 100 PCF, WATER CONT.* 20 .3X (80X. SAT) kt >e .8
FROZEN DR> DENS. * 6$ PCF, HATER CONT.- 6 1 . 6 X C/L".«ee2 L"S?57 KF« 1. So
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WASE PILE CF SOIL—HA'-' INGi
UNFROZEN DRV DENS. " 100 PCF, WATER CO!-TT.«
FROZEN DRY DENS. » 60 PCF WATER COUT.«

20.3J : O0?i61 .6/ : C/L- .0062 K'J» • i. se
95''. OF MAXBOTH COVER AND WASTE PILE USE HE*VE STRAIN, S - 40' < ,

HEAVE FRACTION NOT RECOVERED ON THAWING, F « 6 . 5 0 ,
LAMEDA*SOF[N-F«CTORJ - .7(? (AVG> . 10 <SD )

ESTIMATES USE MOD. BEKGGREN ECU. W/ KEP.STEN KF 'S AND * 25X - 25X ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 .F , R 1 . 3 -0 .00
FRY - AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN P E R I O DUP .YRS » ESTIMATED YE«RS FOR OBJECT UPFREEZING FROM HI (FOR HI PROFS IN H3> BU'CORRECT UP.YPS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.COKSEF.-.TIVE FOR ALL OBJECTS HAVING (X-A> < 0 . 3 * FTFOR H1«TCT: UP .YRS IS wN ESTIMATE (* OR - CV-V> OF YEARS TO UPFREEZE THRU COVEILBOND » 1 STANDARD DEVIATION LOWER BOUT>ID ( LB > ,

ABD « ABOt-JD « ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVE* FACTOR AN:- EDS. 'JF
R50 - ESTIMATED RELIABILITY (PROBABIL ITY) UP .YRS EXCEEDS 56 YEARS

T F-DEC-*DAY S PR OB.
Hi TCAVGiCVX FPrtVG^CV/..e. i
.2
.3.4*. ̂
.6
.7

1 . 8
1 . 9
2 . 0
2 . 1
2 .2
2.3
2 .4
2.5
2.6
2.7
2 .82 .9
3 . 0

367 38
444 38
523 38
62* 33
719 38
S25 38
939 38

1068 33
1 1 8 9 38
1324 38
1468 38
16 16 38
1776 38
1941 38
2 1 1 3 38
2293 33
2480 38
2675 38
2876 38
3085 38
3302 38

.966
. 9 17
.5 *43
.754
. 666
. w-s^
. 5C5
.432
.363
.297
.236
. 1 8 1
. 1 35
.097
. 068
.047
.03 1
.020
. 0 1 3
.008
.005

3 .48
8 . 9 7

18. 17
3 0 . 7 8
4 5 . 3 8
59 .83
72 .25
8 1 .74
88 .37
92 .73
95 .48
97 . 19
98 .25
98 .90
99 .30
99.55
99 .7 1
99 .8 1
99.87
99 .9 1
99 .94

COVER THERMAL PROPERTIES
_____ \.T<. c,e
FPY

1
1
1
1
2
3
4
7

13
24
48

100
213
468

1 0 4 5
2371
5450

12655
29623
69773

1 6 5 1 0 7

UP.YRS
18
20
24
29
37se
73

1 1 4
196
361
707

1441
3032
6558

14508
32686
74718

172776
4 P 3 1 3 4
947154

2236900

IN H3 <P
CVX LBOND AED R50
0 .36
1 . 18
3 . 1 7
7 .27

1 4 . 2 7
2 4 . 6 4
3 8 . 0 0
52.75
66 .63
77.94
8 6 . 0 8
9 1 . 4 6
94 .85
96 .92
98. 15
98.89
99 .32
99.58
99 .73
99 .83
99.89

18
2d
23
27
32
38
45
54
65
80
98

123
156
202
268
364
508
728

107 1
1 6 1 6
2491

17 0
18 0
20 0
22 0
23 1
25 52
27 83
23 93
30 97
32 98
33 99
35 106
37 100
38 100
40 100
42 100
43 100
45 100
47 100
43 100
50 160

i . 3» n
VEAF.5

Ur
FT

DELTA H3M
23
4
6ie

16
29
55

1€ >8
223
468
999

2 1 8 4
4869

1 1 0 3 2
25324
58746

137376
323339
764702

18 14789

.3
. 3
.3
.2
.2
.2
.2
.2
.2
.2
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

^TE*ILL
YEARS

DELTA
*
SSi4
<

1C
16
2?
5'

\67
220
4*7
99e

2 1 7 7
4??^

1 *9 *5 1
252SG 1

58573
13699< 1
322471 I
762705

1 8 1 0 1 9 1 »
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S=50'/.

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5X — 1 8 - 3 1 - 1 9 8 6
MANV1LLE WAUKEGAN, ILL PLANT WASTE PILE

* * * * * * YEARS TO UPFREE2E OBJECTS THRU COVER — PRELIMINARY RESULTS * > < • * * *
OBJECTS HAVE (X - A) • t . 39 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE— BOTTOM OF COVER OF TOTAL THICKNESS - TCT
THERMAL LOAD FREEZE INDEX < F I > : LOGNORMAL W/ MEDIAN - 675 MEAN - 925 SD.LN« .365
HI

H3M
H3

DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT [FT] — FINE-ORPINE:- SOIL
KU -8 .8 1
KF« 1 .42L-5522

UNFROZEN DRf DENS. - 1 8 6 PCF, WATER CONT.« 20 . 3X (£(?'.'. SAT)
FROZEN DRV DENS. « 50 PCF, WATER CONT.« 80. 7X C/L- .6657
05JECT LENGTH FOR MAX UPFREE2E, STARTING IN:
WASE F ILE OF SOIL — HAVING:
UNFROZEN DRV DENS.» l«?t? PCF, WATER CONT.« 26.3'' . <.&&'•'. SAT)
FROZEN DRY DENS. « 56 PCF WATER CONT.» 66. 7X C/L * .C <057 L»?52J

K'_ '«c .8l
K F » 1 . 4 2

BCTH COVER AND WASTE PILE USE HEAVE STRAIN, S - 5flX,
HEAVE FRACTION NOT RECOVERED ON THAWING, F * 0 . 1 8 ,
LAM&DAVSC'RtN-FACTC'r] « .76 <AVG) .10 t SD)

ESTIMATES USE MOD. BERGGPEN EOU. W/ KERSTEN KF 'S AND * 25%
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 .F , R1 .3«0. e e

95". OF MAX

. EPPI 'P IN KF 'S

FPY m AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UF.YRS - ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PFC-PS IN H3> BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL DEJECTS HAVING (X-A) < 9 . 36 FT

FOR Hl-TCTi UP.YRS IS AN ESTIMATE <+ OR - CVX> OF YEARS TO UPFREE2E THRU CO*.'ER
LBOfJD « 1 STANDARD DEVIATION LOWER BOUND <LB> ,

AED - ABOND » ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVEP FACTO?. AND EPS .UF
R5C « ESTIMATED REL IABIL ITY (PROBABIL ITY) UP .YRS E\CEED5 50 YE«R5

*T F-DEGXDAYS PROB.
HI TCAVG&LC1 '̂. FPAVGJ.CVX
1 . 0
1 . 1
.2
.3
.4
.5
.6
.7
.8
.9

2 .8
2 . 1
2 .2
2 .32.4
2 .5
2.6
2 .7
2 .8
2 .9

423 38
512 38
669 3S
715 38
829 38
951 36

lf £2 38
1222 38
1370 36
1526 38
169 1 38
1865 38
2046 38
2237 38
2435 38
2642 38
2658 36
3062 38
3315 38
3556 38

.933
.859
.766
.670
.560
.497
.420
.346
.277
.2 13
. 153
. 1 13
.076
.053
.034
.822
. 6 1 4
.006
. 8 8 5
. 0 0 3

7 . 1 7
16 . 1 1
29. 15
44 .72
60 .23
73.37
8 3 . 1 0
89.64
93 .76
96 .26
97 .75
9 8 . 6 4
99. 16
99 .46
99.67
99.79
99 .87
99.91
99 .94
99 .96

COVER THERMAL PROPERTIES
FPY

1
1
1
2
3
4
8

15
30
64

142
326
766

1637
4473

1 1 0 2 9
27454
68844

173571
439261

UP.YRS
74
68

109
143
199
30 1
503
919

180 1
3727
6669

16238
42373

106776
244649
599318

1487584
3721789
9366943

23671590

CVX
8 . 9 3
2 . 6 2
6 .94

1 4 . 3 4
25.67
4 0 . 3 6
56 .2 1
70 .40
6 1 . 1 9
86.56
93 .26
96 . 1 1
97.76
9 6 . 7 1
99 .24
99.55
99.73
99.83
99 .69
99.93

LBOND
73
66

102
122
146
180
226
272
339
426
544
709
946

1304
1851
27 10
4090
6351

10 1 19
16502

IN H3 <F•/
ABD R56

67 100
73 106
66 106
87 100
93 100

1 0 6 1 0 0
167 100
1 1 3 106
120 106
127 160
133 106
146 108
147 188
153 1B0
160 100167 iea173 lee
180 100
167 100
193 100

* 1 . 3- I )
YEARS

WASTEPILF
FT YEARS

DELTA HIM
12
17
26
4 1
71

1 34
273
563

1 1 9 9
2655
6049

14229
34642
82763

263793
506741

1269646
3196924
6 0 9 1 3 6 5

. 3

.3
.2
.2
.2
.2
.2
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

DELTA
12
17
25
4(?
76

132
2o6
561

1 1 9 4
2645
6C4-

1 4 1 7 B
33924
62454

263 1 13
505 125

12657 15
3 18 *307
6067859

X 2 6 5 1 7 9 0 6 . 1 X2646
3 .8 3685 38 . 8 8 2 99 .97 X I 1 1 4 2 8 4 50680650 99 .95 24961 200 100 X 3 3 3 4 6 6 4 6 .3 X33.48678
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S-50' I F - j i .20-

— 10 -3 1 - 1936THERMAL AND UNFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ:MANVILLE WAUKEGAN, ILL PLANT WASTE PILEXXX *XX YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS XX *MX
OBJECTS HAVE (X - A) - 8 .30 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS » TCT
THERMAL .LOAD FREEZE INDEX (F I ) : LOGNORMAL W/ MEDIAN « 875 MEAN « 935 SD.LN* .365"
HI • DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl»TCT CFTJ — FINE-GR«INED SOI *

UNFROZEN DPV DENS.-100 PCF, WATER CONT.« 20.3X (ECX SAT) KU * e .8 »
FROZEN DRY DENS. - 50 PCF, WATER CONT.« 80.7X C/L-.8057 L»5523 KF«1 .42

H3M m OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 » WASE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS . " 100 PCF, WATER CONT.» 20 .3X (90X SAT> H ' »0 .81
FROZEN DRY DENS. » 50 PCF WATER CQNT.» 60 .7X C-/L- .0057 L-5522 KF« 1 .4 '

EOTH COVES AND WASTE PILE USE Ht*V,'E STRAIN, S « 50X,
HEAVE FRACTION NOT RECOVERED ON THAl-.'INC*, F « 0 . 2 C < ,
LAMEDAfSQRCN-FACTORJ « .70 (AVG) . 10 (SD)

ESTIMATES USE MOD. SERGGREN EQU. W/ KERSTEN KF'S AMD * 2
CORRELATION COEFFI CIENT BETWEEN K l . F AND K3 .F , R l . 3 - 6 . 0 0

95X OF M^v: L

- 25.". EFPOR If'1 kF 'S

FPY » AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AMD RETL'Pr.' PER IOD
UP.YRS - ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOP HI PRO * * K^ 1 H2> BU'

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
COfsSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 36 FT

FOR H1»TCT: UP.YRS IS AN ESTIMATE (+ OR - CV/.) OF YEARS TO UPFREEZE THRU COVEi
LBOND » 1 STANDARD DEVIATION LOWER BOUND ( LB ) ,

AED « ABOND » ABSOLUTE LB FOR HE*VE STRAIN, Uf-JRECOVER FACTOR AND EPS .UF
R58 - ESTIMATED RELIABILITY (PROBABILITY) UP .YRS EXCEEDS 56 YEARS

FT F-DEGSDAYS PROB.
HI TCAVG&.CVX FPAVGiLCVX
1 . 0
1. 1
1 . 2
1 . 3
1 . 4
1 . 5
1 . 6
1 .7
1 .8
1 .9
2 .0
2. 1
2.2
2 .3
2 .4
2.5
2.6
2.7
2 .6
2.9
8 18
3 .8
78446

423 39
512 33
609 33
715 33
829 39
951 39

1052 33
1222 38
1370 38
1526 38
1691 38
1665 36
2046 38
2237 38
2435 38
2642 38
2858 38
3082 38
3315 38
3556 38
3805 36

.933
.659
.766
.670
.530
.497
.420
.346
.277
.2 13
. 159
. 1 1 3
.078
. 053
. 034
.022. 8 1 4
.806
.805
.003
.082

7 . 1 7
16 . 1 1
29. 15
44.72
60 .23
73 .37
83 . 10
89.64
93.76
96.26
97.75
98.64
99. 16
9 9 . 4 8
99 .67
99.79
99.87
99.91
99 .94
99.96
99.97

COVER
FPY

1
1
1
2
3
4
6

15
30
64

142
326
766

1837
4473

1 1029
27454
66644

173571
439261 1
XI 1 14284

THERMAL PROPERTIES IN H3 <F
UP.YRS

37
44
55
71
99

15 1
251
460
900

1964
4044
9 1 1 9

2 1 1 8 6
50333

122024
299655
743752

1860694
4683472
1835790

CV/.
0 .93
2 .82
6 .94

14 .34
25 .67
4*. 36
56.2 1
70 .40
61 . 19
83.58
93.28
9 6 . 1 1
97 .76
9 9 . 7 1
99 .24
99.55
99.73
99.83
99 .69
99.93

25300430 99.

LBOND ABD R50
36
43
51
61
74
90

1 1 0
136
169
2 13
272
354
474
652
926

1355
2045
3175
5060
8251

95 12480

33 0
37 0
40 89
43 98
47 99
50 180
53 100
57 100
60 100
63 100
67 100
70 188
73 188
77 160
80 188
63 188
67 188
90 188
93 100
97 100

'". 1 . 3* 1 )
YEARS

WASTEPILE
FT YEARS

DELTA H3M
6a

13
20
?*
67

135
- 2S25*;
132T
3(?34
7 1 1 4

1 7 0 2 1
4 1 3 S 2

1 0 1 8 9 1
253370
634623

1599462
40456*3

.3

.3
.2
.2
.2
.2
.2
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

DELTA
£i:

2<i
35
6613:

281
597

13233C<2:
7089

16962
4124 ;

1 0 1 5 5 e
252563
632857

15*4653
4033929

X10253950 . 1 X 1023I
1 0 0 1 0 0 X 1 6 6 7 0 3 2 0 .3 XU
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S*5C 1 '/. F = u .2C«

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5X — 1 0 - 3 1 - 1 9 5 6
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

f tXXXXX YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS * * * * * *
OBJECTS HAVE <X - A) - 0 . 3 6 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS « TCT
THERMAL LOAD FREEZE INDEX < F I > : LOGNORMAL W/ MEDIAN « 675 MEAN - 935 SD .LN- .365
HI • DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT [FT] — FINE-GR«INED SOIL

UNFROZEN DRY DENS." 106 PCF, WATER CONT.» 20.?V. (6C'' i SAT)
FROZEN DRY DENS. « 50 PCF, WATER CONT.- 66 .T/ . C/L- .6657

H3M » OBJECT LENGTH FOR M«X UPFREEZE, STARTING IN:
H3 - W«SE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS . - 166 PCF, WATER CONT.i
FROZEN DRY DENS. « 56 PCF WATER CONT.i

L--523
KU«C.8 J
KF- 1 .42

21?.3". <B6'&6 .7X c/L«.ee57 MJ-0.S5
K F - 1 . 4 2

BOTH COVER AND W^STE P ILE USE HEAVE STRAIN, S - 56'; ,
HEwVE FRuCTION NOT RECOVERED ON THAWING, F « 6 . 3 6 ,
LAf=:'A»-,SPR:N-F*CTOR] « .70 (AVG> . 10 <SD >

ESTIMATES USE MOD. BERGGREN EOU. W/ KERSTEN KF 'S AND * 2!
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R l . 3 - 6 . 6 6

95V. OF MA>. L

- 25*. ERROR IN kF 'S

FPY « AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YRS « ESTIMATED YEARS FOR OBJECT UP-FREEZING FROM HI (FOR HI PRC'C 'S IN H3) BLrl

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERVATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 6 FT

FOR H1»TCT: UP .YRS IS AN ESTIMATE <* OR - CVX> OF YE«RS TO UPFREEZE THRU COVER
LBOND - 1 STANDARD DEVIATION LOWER BOUND < LB > ,

ABD - ABOND » ABSOLUTE LB FOR HE«VE STRAIN, UNRECOVER FACTOR AND EPS .UF
R56 » ESTIMATED REL IABIL ITY <PPC'EnB IL ITY) UP .VRS EXCEEDS 56 YEARS

F-DEGJSDAYS
HI T
1 . 0
. 1
.2
.3
.4
.5
.6
.7
.8
.9

2 . 0
2 . 1
2 .2
2.3
2 .4
2 .5
2.6
2.7
2 .8
2 . 9
3 . 0
13620

^ -XI Igi

423
5 1 2
609
715
629
951

1062
1222
1370
1526
1691
1865
2046
2237
2435
2642
2858
3662
33 15
3556
3865

<CV5
36
3S
33
33
33
33
38
33
33
38
38
36
33
38
3S
38
38
38
38
38
38

1 PROB •
FPAVGkCVX
953
859
766
670
536
497
426
346
277

, 2 1 3
156
1 1 3
078
653
034

,022
0 1 4

, 008
005

, 0 0 3
002

7
16
29
44
60
73
63
89
93
96
97
96
99
99
99
99
99
99
99
99
99

. 17

. 1 1

. 15
.72
.23
.37
. 1 0
.64
.76
.26
.75
.64
. 1 6
.48
.67
.79
.87
.9 1
.94
.96
. 97

COVER
FPY

1
1
1
2
3
4
8

15
30
64

142
326
766

1837
4473

1 1 0 2 9
27454
68844

173571
439261
XI 1 1 4 2 8 4

THERMAL PROPERT IES IN
——— YEARS —— —— —— ——

UP.YRS
25
29
36
43
66

100
166
306
600

1 242
2696
6079

1 4 1 2 4
33592
8 1356

199770
495835

1240596
3 ) 2 2 3 1 5
7690529

CVX LBOND ABD
6 .93
2 .32
6 .94

1 4 . 3 4
25 .67
4 6 . 3 6
5 6 . 2 1
7 6 . 4 0
6 1 . 1 9
83 .53
93 .28
96 . 1 1
97 .76
93 .7 1
99 .24
99.55
99.73
99 .83
99 .89
99 .93

16866956 99 .95

24
2'34
4 1
49
60
73
91

1 1 3
142
18 1
236
3 1 6
435
6 1 7
963

1363
2 1 1 7
3373
5561

8320

22
24
27
29
31
33
36
33
46
42
44
47
49
51
53
56
58
66
62
64

H3 <F

R50
0
0
0

36
85
94
97
99

1 0 0
1 0 6
166
1 0 0
1 0 0
10*0
1 00
1 00
100
100
1 0 6
106

M 'YE-RS
DELTA HJi

4
6
9

14
24
45
96

163
466
635

2023
474?

1 1 3 4 7
27533
67923

1 6 6 9 1 4
423215

1 0 6 6 3 0 8
2* *7 129

6639300
67 100 X I 1 1 1 3

W.
FT
^
.3\
.2
.2
.2
.2
.2
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
556

YEARS-
DELTA

4
6
6

J 3
'S
4*1
69

IS/399es;-
26 1^-
4726

1 136f ,
274«'J
67764

166375
421905

1 0 6 3 1 0 2
2*6 *266
632600?
. 3 X I I
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I

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5X — 16 -3 1 - 1986
MANVILLE WAUKEGAN, ILL PLANT W«STE PILE

X X X X * X YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS X X X X X X
OBJECTS HAVE (X - A) * 8 . 30 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS • TCT .
THERMAL LOAD FREEZE INDEX (FI) : LOGNORMAL W/ MEDIAN « 875 MEAN « 935 SP.LN* . 36i»
HI « DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT [FTJ — FINE-GRAINED SOI l |

UNFROZEN DRY DENS.«100 PCF, WATER CONT.« 20 .3X (60X SAT) Kl'-C . P'
FROZEN DRY DENS. » 50 PCF, WATER CONT.« 60.7X C/L- .8057 L-5523 K r - 1 . 42

f)3M « OBJECT LENGTH FOR MAV UPFREEZE, STARTING IN:
H3 « l-MSE PILE OF SOIL—HAVING:UNFROZEN DRY DENS. » i e0 PCF, WATER.CONT.» 20.sx (80x SAT) Ku«0.e4FROZEN DRY DENS. » 50 PCF WATER CONT.» 80 .7X C/L- .0C-57 L-5523 K F - 1 . 4 2
BOTH COVER AND WASTE P ILE USE HEAVE STRAIN, S » 50X, 95X OF MAX L >•

HE-v'E FRACTION NOT RECOVERED ON TrW-JING, F « 0 . 4 6 ,
ESTIfWTES USE MOD. BERGGREN EQU. W/ KERSTEN KF 'S AND * 25X - 25X ERROR IN K F ' S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 .F , R 1 . 3 -0 .08
FPY « AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YRS « ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3> BV

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 6 FT

FOR Hl-TCT: UP .YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVE.
LBOND » 1 STANDARD DEVIATION LOWER BOUND (LB) ,

AED » ABOND « ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR «ND E P 3 . U F
R50 - ESTIMATED RELIABILITY (PROBABILITY) UP .VPS EXCEEDS 50 TEARS

COVER THERMAL PROPERTIES IN H3 (R l .3 - 1 ) WAS
r i
HI TCAVG4.CVJ5 FPAVG^CVX
1 . 0
1. 1
1 .2
1 . 3
1 .4
1 . 5
1 . 6
1 . 7
1 .8
1 . 9
2 .8
2 . 1
2 .2
2.3
2 .4
2.5
2.6
2.7
2 .8
2 .9
3 .8
8

425
5 12
609
715
829
951

18 £2
1222
1370
1526
1691
1865
2846
2237
2435
2642
2858
3882
33 15
3556
3805

38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38

.933
.859
.766
.670
.580
.497
.420
.346
.277
. 2 1 3
. 1 58
. 113
.878
.053
. 8 3 4
.822
. 8 1 4
. 888
.005
. 0 0 3
.882

7. 17
16 . 1 1
29. 15
44 .72
60.23
73 .37
83. 18
89.64
93 .76
96 .26
97.75
98.64
99. 16
99 .43
99 .67
99.79
99.87
99 .9 1
99 .94
99 .96
99.97

FPY
1
1
1
2
3
4
8

15
38
64

142
326
766

1837
4473

1 1829
27454
68844

172571
43926 1
XI 1 14284

UP.YRS
18
22
27
36
50
75

126
230
458
932

2022
455?

10593
25194
6 1 0 1 2

149628
371876
930447

234 1736
5917897

CVX LBOND ABD R5*
0 . 9 3
2 . 8 2
6 .94

1 4 . 3 4
25 .67
4 0 . 3 6
56 .2 1
70 .40
8 1 . 1 9
£3 .58
93 .28
96. 1 1
97 .76
98 .7 1
99 .24
99.55
99 .73
99 .83
9 9 . 8 9
99 .93

12650210 99.95

IS
2 1
25
31
37
45
55
63
85

106
136
177
237
326
463
678

1023
1588
2530
4126

6240

17 0
18 8
20 0
22 8
23 56
25 84
27 93
28 97
30 99
32 99
33 100
35 100
37 100
38 100
46 100
42 106
43 100
45 100
47 IP i?
48 180

TtH>r.s r i
DELTA H3M

3
4
6

10
19
33
67

1 4 1
360
664

1 5 1 7
3? 57
85 10

20691
50946

126695
3 1 7 4 1 1
799731

2022846
5 129475

.3

. 3
.2
.2
.2. 2
.2
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

56 166 6335 168 .

T e.«r<3
DELTA

4
(

K
It
33
6:

14 >
299
6 6 *is i ;

3541.
648 1

2*42 i5*77( 1
126281
3 1642° |
79732! 1

2 C 1 6 9 6 L "
5 1 1 5 6 0 7

3 8325.' «
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THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM U =FREEZ5X — 1 8 - 3 1 - 1 9 5 6
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

X X X X X X YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS X » * « x x
OBJECTS HAVE <X - A) • 0 . 3 0 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS - TCT .
THERMAL LOAD FREEZE INDEX ( F I > : LOGNORMAL W/ MEDIAN - 875 MEAN - 935 2 Z . L N - . 3 f 5
HI

H3M
H3

- DEPTH OF COVER ABOVE OBJECT, STARTING AT Hl-TCT [FT] — FINE-GRAINED SOIL
UNFROZEN Dfti* DENS.« 100 PCF, WATER CONT.» 20 .3X <8(?". SAT) f" j«C.Sl
FROZEN DRY DENS. « 50 PCF, WATER CONT.- 60.

- OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
- WASE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS . - 166 PCF, WATER CONT.« 26. 3X (66". SAT)
FROZEN DRY DENS. » 50 PCF WATER CONT.« 66.r/. C/L» .6C'57 L-5523

C/L - .0057 L-5523 K F » 1 . 4 2

Kl' »y . £ l

50X,BOTH COVER AND W«STE P ILE USE HEAVE STRAIN, SHE*VE FRACTION NOT RECOVERED ON THAWING, F « 8 . 5 6 ,LAMBDAXSGRIN-FACTORJ « .?* <AVG) .10 <SD>ESTIMATES USE MOD. BERGGREN EOU. W/ KERSTD-J KF'S AMD * 25XCORRELATION COEFFI Cl ENT BETWEEN K l . F AND K3 . F , R l . 3 - 0 . 0 0

95X OF MAX L

- 25/; ERF,;:R IN KF 'S

FPY » AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETUPN F £ = I DO
UP .YRS » ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PRC<F £ I t , H3; £ .T

CORRECT U P . Y R S FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING <X-A) < 0 . 3 0 FT

FOR H1*TCT: UP.YRS IS AN ESTIMATE <* OR - CV/.> OF YEARS TO UPFREEZE THRU CC' . 'ER
LBOND « 1 STANDARD DEVIATION LOWER BOUND ( L B ) ,

ABD - ABOND « ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AM' E P S . U F
R50 « ESTIMATED RELIABILITY (PROBABILITY) U P . Y R S EXCEEDS 5C lEr,?.*

DELT*
FT F-DEG*DAYS PROS.
HI TCAVGa.CVX FPAVGU.CVX

.0
. 1
.2
.3
. 4
.5

1 .6
1 . 7
1 . 8
1 . 9
2 .0
2 . 1
2 .2
2 .3
2.4
2.5
2.6
2.7
2 .6
2 .9
3 .0
5

423
5 12
609
715
629
951

1662
1222
1370
1526
1691
1865
2046
2237
2435
2642
2858
3062
3315
3556
3805

36
38
38
38
38
33
38
38
38
38
36
38
38
38
38
38
38
38
38
38
38

.933
.859
.766
.676
. 586
. 497
.426
.346
.277
.2 13
. 158
. 1 13
.078
.053
.034
.822
. 8 1 4
.088
.065
. 8 0 3
. 002

?. 17
16 . 1 1
29. 15
44.72
60 .23
73 .37
6 3 . 1 0
89 .64
93 .76
96 .26
97.75
96 .64
99. 16
99 .48
99.67
99.79
99.87
99.9 1
99 .94
9 9 . 9 6
99 .97

COVER
FPY

1
1
1
2
3
4
8

15
30
64

142
326
766

1837
4473

1 1 0 2 9
27454
68844

173571
439261
XI 1 14284

THERMAL PROPERTIES IN H3 <F
UP.YRS

15
18
22
29
40
60

16 1
184
366
745

16 16
3648
8475

20155
48810

1 19662
29758 1
744356

1873389
47343 17

CVX LBOND ABD R56
0 . 9 3
2 .82
6 . ?4

14 .34
25 .67
4 6 . 3 6
56 .2 1
7 8 . 4 0
61 . 1?
63.58
93.28
96. 1 1
97 .76
98 .7 1
99 .24
99 .55
99.73
99.83
99.89
99 .93

1 0 1 2 0 1 7 0 99 .95

15
17
20
24
30
36
44
54
66
85

109
142
198
261
376
542
8 1 8

1278
2024
3306

4992

13 0
15 6
16 6
17 6
19 16
26 70
21 69
23 =5
24 98
25 99
27 106
23 100
29 160
3 1 100
32 100
33 100
35 160
36 160
37 166
39 160

: i . 3» n
YEARS

I',
FT

DELTA H3M
23
5
6

14
27
54

1 1 3
24 e
53 1

1 2 1 4
28«s
6 8 6 9

16553
40757

1 0 1 3 4 S
253929
639785

16 16277
4 1 6 3 5 9 ?

. 3

. 3

.2

.2
• A.

. 2

.2

. 1

. 1
. 1
. 1
. 1
. 1
. I
. I
. I
. 1
. 1
. 1
. 1

40 100 6 6 6 8 1 2 8 .

43

1 12239
529

120 *
29? 6
67£5

4 C - 4 2 2
1 6 1 0 2 5
253 143
63736 1

1 6 1 3 5 7 2
4 0 9 2 6 3 6

3 6 6 6 6 1 7

UPFREEZ3 RUN COMPLETE
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